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Sir: 

This is an appeal from the twice rejection of claims 1, 6, 7, 10, 14 and 16-21 in the Office 
Action mailed July 1 5, 2005, in the above-identified patent application. Although this Office 
Action is a non-final Office Action, claims 1, 6, 7 3 10, 14 and 16-21 have been rejected under 35 
U.S.C. § 1 12, first paragraph in the Office Actions mailed May 5, 2004, October 21, 2004 and 
July 15, 2005. A Notice of Appeal was filed on November 15, 2005. Please note that the fee for 
the filing of an Appeal Brief was previously submitted on April 20, 2005. A Petition for 
Extension of Time up to and including February 15, 2006, is enclosed along with the appropriate 
fee for a large entity. It is believed that no addition fee is required with this submission. 
However, should a fee be required, the Commissioner is hereby authorized to charge the fee to 
Deposit Account No. 50-3 129. 
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(1) REAL PARTY IN INTEREST 

The real party in interest of this application is the assignee, Metabolix, Inc., which has 
entered into licensing agreements with other parties. 

(2) RELATED APPEALS AND INTERFERENCES 

There are no related appeals or interferences kaown to appellant, the undersigned, or 
appellant's assignee which directly affects, which would be directly affected by, or which would 
have a bearing on the Board's decision in this appeal. 

(3) STATUS OF CLAIMS 

Claims 1, 6, 7, 10, 14 and 16-21 are pending. Claims 2-5, 8-9, 11-13, 15 and 22-34 have 
been cancelled. Claims 1, 6, 7, 10, 14 and 16-21 are on appeal. The text of each claim on appeal, 
as pending, is set forth in an Appendix to this Appeal Brief. 

(4) STATUS OF AMENDMENTS 

This is an appeal from the twice rejection of claims 1, 6, 7 3 10, 14 and 16-21. An 
amendment after the non-final. Office Action mailed July 15, 2005 twice rejecting th^ claims was 
filed via facsimile transmission on November 1 5, 2005. The claims were last amended on 
November 15, 2005, The Examiner has not acted on the amendment filed November 15, 2005. 
In a conversation with the Examiner on January 9, 2006, the Examiner stated that he would not 
review the Amendment and Response filed November 15, 2005 in detail before the deadline for 
filing an Appeal Brief. However, the Examiner indicated that the double patenting rejection 
would be withdrawn in light of the terminal disclaimer filed November 1 5, 2005. An appendix 
sets forth the claims on appeal. 
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(S) SUMMARY OF CLAIMED SUBJECT MATTER 

Independent Claim 1 defines a method for the biological production of 
polyhydroxyalkanoate containing 3-hydroxyhexanoate, which includes providing genetically 
engineered bacteria expressing a thiolase gene encoding an enzyme that converts butyryl-CoA 
and acetyl Co A to beta-ketohexanoyl-CoA (see at least page 1 1 , lines 19-24; page 12, lines 22- 
26; page 13, lines 20-26), a reductase gene that encodes an enzyme that converts beta- 
ketohexanoyl-CoA to beta-hydroxyhexanoyl-CoA (see at least page 12, lines 25-26; page 21, 
lines 18-21), and a gene that encodes a polyhydroxyalkanoate (PHA) polymerase that 
polymerizes 3-hydroxybutyryl CoA and 3-hydroxyhexanoyl-CoA (see at least page 21, lines 1 1- 
15; Examples 2, 3, and 5), where the enzymes are expressed in a sufficient amount to produce 
polyhydroxybutyrate-co-polyhydroxyhexanoate. The polyhydroxyalkanoate (PHA) polymerase 
gene can be incorporated into the bacterial chromosome as defined by dependent claim 6 (see at 
least page 6, lines 20-21 and 26-27). As defined by dependent claim 14, the bacteria can be E. 
coli (see at least page 5, lines 13-14). In one embodiment, as defined by dependent claim 17, the 
bacteria expresses a PHB biosynmetjc thiolase, three enzymes from C. asetobutylicum that form 
butyryl CoA, thiolase specific for 3-ketoh.exanoyl CoA, reductase specific for 3-ketohexanoyl 
CoA, and a polyhydroxyalkanoate (PHA) polymerase mat accepts both 3-hydTOxybutyryl CoA 
and 3-hydroxyhexanoyl CoA (see at least page 12, lines 23-28). As defined by dependent claim 
7, the polyhydroxyalkanoate (PHA) polymerase gene can be obtained from a bacterial strain such 
asAeromonas caviae, Comamonas testosteroni, Thiocapsiapfemgii, Chromatium vinosum, 
Bacillus cereus, Nocardia Carolina, Nocardia salmonicolor, Rhodococcus ruber, Rhodococcus 
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rhodocrous, or Rhodospirilum rubrum (page 3, line 19-25; page 10, line 28 to page 1 1, line 2; 
page 12, lines 1-15). The bacteria may also be engineered or selected to express a gene encoding 
a iJ-hydroxyacyl-ACP-ccenzyme A transferase as defined by dependent claim 10 (page 5, lines 
20-25; page 15, lines 18-23) and/or a D-specific enoyl-CoA hydxatase as defined by dependent 
claim 16 (page 5, lines 20-25; page 23, lilies 26-29) (See Figure 5). As defined by dependent 
claims 18-21, the bacteria may also express one or more fatty acid biosynthetic enzymes (claim 
18), such as enzymes which convert acyl ACP to acyl Co A (claim 19), including ACP-CoA 
transacylase, acyl ACP thioesterase, or acyl CoA synthase (claims 20 and 21) (page 15, lines 8- 
20; Example 6; Figures 5 and 10). 

(6) GROUNDS OF REJECTION TO BE REVIEWED ON APPEAL 

The issues presented on appeal axe: 

(1) whether claims 1, 6, 7, 10, 14 and 16-21 comply with the written description 
requirement under 35 U.S. C. § 1 12, first paragraph. 

(2) whether claims 1, 7, 10, 15, 18, 19 and 20 axe novel as required by 35 U.S.C. § 102(b) 
over Timm, et al., AppL And Environ. Microbiol 56(1 1):3360-3367 (1990) ("Timm") and 
Hoffinan, et al., FEMS Microbiol Lett 184:253-259 (2000) ("Hoffinan"). 

(3) whether claims 1 and 6 are non-obvious as required by 35 U.S.C. § 103(a) over Timm 
in view of US. Patent No. 5,470,727 to Machaxenas, et al. ("Macharenas"); whether claims 1, 7 
14, and 16-21 are non-obvious as required by 35 U.S.C. § 103(a) over Timm in view of 
Schubert, et al., J. Bacteriol 170(12):5837-5847 (1988) ("Schubert") and in further view of 
Boynton,etal.,J: Bacteriol 178(1 1):301 5-3024 (1996) ("Boynton")* 

45063277vl 4 MBXQ20 

n 077832/00077 



PAGE 8/47 1 RCVD AT 1/1812006 1:23:05 PM [Eastern Standard Time] 1 SVR:USPTWFXRF-6I25* DM82738300 1 CSID: ■ DURATION (mm-ss):2746 



JAN. 1 9. 2006 1:23PM 



PABST PATENT GROUP 



NO. 6717 P. 9 



U.S.S.N. 09/235,875 
Filed: January 22, 1999 
APPEAL BRIEF 

(7) GROUPING OF CLAIMS 

The claims do not stand or fell together, as discussed below, 

(8) ARGUMENT 

(i) The Claimed Invention 

Polyhydroxyalkanoates (PHAs) are natural, thermoplastic polyesters and can be 
processed by traditional polymer techniques for use in an enormous variety of applications, 
including consumer packaging, disposable diaper linings and garbage bags, food and medical 
products. Several factors are critical for economic biological production of PHAs, including 
substrate costs, fermentation time, and efficiency of downstream processing. 

The production of PHAs containing 3-hydroxy-co-hydroxyhexanoate (3H-co-HH) in 
known biological systems is inefficient. However, the Appellants have discovered that 
microorganisms, such as E coli, which do not normally produce PHAs and have not previously 
been described to produce 3-hydroxyhexanoate (3HH), can be genetically engineered to produce 
PHAs by the introduction of a PHA synthase gene which encodes an enzyme that accepts C6 
substrates and optionally, additional enzyme encoding genes, such as genes encoding B- 
ketothiolase, acetoacetyl-CoA reductase, 15-ketoacyl-CoA reductase, enoyl-CoA hydratase and/or 
B-hydroxyacyl-ACP-coenzymeA transferase. The genes are preferably selected on the basis of 
the substrate specificity of their encoded enzymes for the production of 3HH polymers as well as 
PHB. The various pathways that can be utilized to produce PHAs are shown in Figures 2-5. 

The Appellants have also discovered that biological systems for the production of PHAs 
containing 3-hydroxy-co-hydroxyhexanoate (3H-CO-HH) can be improved by using transgenic 
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organisms with fester growth rates and/or by genetically engineering these organisms to produce 
the co-monomer 3-hydroxyhexanoic acid from cheaper feedstocks, such as butyrate or butanol, 
or directly from glucose by incorporating genes encoding enzymes which can channel cellular 
intermediates to butyryl-CoA, thereby improving the economics of PHA production using 
transgenic organisms. Enzyme activities desirable for conversion of metabolic intermediates into 
J?-3-hydroxyhexanoyl CoA, include butyryl CoA dehydrogenase activity and acyl CoA:ACP 
transferase activities. The latter conversion is catalyzed either by a single protein or by a 
combination of thioesterase and acyl CoA synthase activities. The flux of normal cellular 
metabolites to 3-hydroxyhexanoate is redirected via one or more of three different pathways. 
These three pathways generate 3-hydroxyhexanoate, either (1) using a butyrate fermentation 
pathway, for example using enzymes from Clostridium aeetobutylicium (Figure 3), (2) using 
fatty acid biosynthetic enzymes, for example from K coli (Figure 5), or (3) using a fatty acid 
oxidation complex, for example, from Pseudomonas putida (from Figure 6), In a preferred 
embodiment, E. coli is engineered to synthesize PHBH from either inexpensive carbohydrate 
feedstocks such as glucose, sucrose, xylose and lactose or mixtures of such carbohydrates and 
fatty acids as the only carbon source by introducing genes encoding enzymes that convert 
cellular metabolites to 3-hydroxyhexanoyl CoA. It is crucial that the expression of all the genes 
involved in the pathway be adequate for efficient PHA synthesis in recombinant E. coli strains. 

An example of a biosynthetic pathway that results in i?-3-hydroxyhexanoyl CoA 
formation involves the elongation of butyryl CoA to 3-ketohexanoyl CoA which can 
subsequently be reduced to the monomer precursor, as shown in Figure 4. Butyryl CoA is 



PAGE 10/47* RCVD AT 1/1912006 1:23:05 PM [Eastern Standard Time] ' SVR:USPTO-EFXRF-6/25 ' DNIS:2738300 * CSID: ' DURATION (mm-ss):2746 



JAN. 1 9. 2006 1:23PM 



PABST PATENT GROUP 



NO. 6717 P. 11 



O.S.SX 09^235,875 
Filed; January 22 7 1999 
APPEAL BRIEF 

formed by butyrate fermenting organisms such as C. acetobutylicum in a four step pathway from 
acetyl CoA. Elongation of butyryl CoA to 3-ketohexanoyl Co A is catalyzed by a thiolase. The 
complete pathway thus involves (1) the PHB biosynthetic thiolase, (2) the three enzymes from C. 
acetobutylicum that form butyryl CoA, (3) a second thiolase, specific for 3-ketohexanoyl CoA, 
(4) a reductase specific for this substrate, and (5) a PHB polymerase that accepts both 3- 
hydroxybutyryl CoA and 3-hydroxyhexanoyl CoA. 

In P. putida, monomers for PHA biosynthesis are derived from the fatty acid oxidation 
pathway when alkanes or oxidized alkanes are provided as carbon and energy source. The 
intermediate in this pathway that is channeled to PHA biosynthesis is 5-3 -hydroxy acyl CoA 
(preferentially Cg and Cio) which undergoes epimerization by the FaoAB complex to the R- 
isomer. The combined action of epimerase and PHA polymerase provides Cg to C14 monomers 
for PHA. Consequently, a combination of this epimerase and a 3-hydroxyhexanoyl CoA 
accepting PHA polymerase ptovides the biosynthetic capability to synthesize PHBH from fatty 
acids in transgenic organisms, as shown by Figure 5. Mixtures of fatty acids and carbohydrates 
that are useful feedstocks for fermentative production as the 3HB monomer can be derived from 
acetyl CoA, where the 3HH component is from fatty acids. 

P. putida and P. aeruginosa synthesize PHAs composed of medium-chain length 3- 
hydroxy fatty acids when grown on sugars. The predominant monomer in these PHAs is 3- 
hydoxydecanoate. A similar pathway can be engineered for the synthesis of PHBH in 
recombinant microorganisms such as E. coli, R eutropha and P. putida, as shown by Figure 6. 
Besides a polymerase that accepts the 3-hydoxybutyryl CoA and 3-hydroxyhexanoyl CoA 
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precursors, an enzymatic activity that converts 3-hydroxyacyl ACP into 3-hydroxyacyl CoA or 
3-ketoacyl ACP into 3-ketoacyl CoA is required. Deregulation of fatty acid biosynthesis and 
increased activity of this pathway subsequently provides the substrate for PHBH formation. The 
critical enzymatic activity in this pathway is the conversion of the 3-hydroxyacyl ACP to the 
CoA derivative. Thioesterases and acyl CoA synthases can accomplish this step. Alternatively, 
acyl ACP.CoA transferase can be used to facilitate mis step in the PHA pathway, 
(n) Rejection under 35 U.S.C. § 112, first paragraph 

Claims 1, 6, 7, 10, and 14-21 were rejected under 35 U.S.C. § 1 12, first paragraph, as 
allegedly containing subject matter which was not described in the specification in such a way as 
to reasonably convey to one skilled in the art that the inventor had possession of the claimed 

invention. 

The Leeal Standard 

Both the written description and enablement requirements are defined by 35 U.S.C. § 
1 12, first paragraph, which states that the patent specification must contain "a written description 
of the invention, and of the manner and process of making and using it... [such] as to enable any 
person of ordinary skill in the art to which it pertains ... to make and use the same ..." The 
purpose of the written description requirement is to prevent a patentee from later asserting that 
he invented something which he did not. Thus the patentee must "recount his invention in such 
detail that his future claims can be determined to be encompassed within his original creation." 
Vas- Cath Inc. v. Mahurkar, 935 F.2d 1555, 1561, 19 U.S.P.Q.2d lilt, 1115 (Fed. Cit 1991). 
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Hie Federal Circuit has held that the written description requirement can be met by a 
functional description of claimed materials, if coupled with a known or disclosed correlation 
between function and structure. Emo Biochem, Inc., v. Gen-Probe, Inc., 296 F.3d 13 16, 63 
U.S.P.Q.2d 1609 (Fed. Cir.2002) CEnzo IT)- The court held that a patentee complied with the 
written description requirement by depositing biological material in a public depository. In Enzo 
n, the Federal Circuit rejected its narrow interpretation of Eli Lilly that the disclosure of the 
sequence was always necessary, and instead adopted a broader interpretation of the types of 
disclosures that comply with 1he written description requirement. The court adopted provisions 
from the Guidelines issued by the U.S. Patent and Trademark Office that state that the written 
description requirement can be met by a functional description of claimed materials, if coupled 
with a known or disclosed correlation between function and structure. The court found that me 
written description requirement was met when, in the knowledge of the art, the disclosed 
function is sufficiently correlated to a particular, known structure. This standard was 
subsequently affirmed and clarified in the decision of Amgen Inc. v. Hoechst Marion Roussel, 
Inc. and Transkaryotic Therapies, Inc. 3 14 F.3d 1313, 65 USPQ 2d (Fed. Cii. 2003). 

There is a strong presumption that an adequate written description of the claimed 
invention is present when the application is filed. In re Wertheim, 541 F.2d 257, 263, 1 91 USPQ 
90, 97 (CCPA 1976). An appellant shows possession of the claimed invention by describing the 
claimed invention with all of its limitations using such descriptive means as words, structures, 
figures, diagrams, and formulas that fully set forth the claimed invention. Lockwood v. American 
Airlines, Inc., 107 F.3d 1565, 1572, 41 USPQ2d 1961, 1966 (Fed. Cir. 1997). Possession may be 

rt MBX020 
45063277vl y 077832/00077 



PAGE 13/47 ' RCVD AT 1/19/2008 1 :23:05 PM [Eastern Standard Time] * SVR:USPTO-EFXRF-6/25 * DN1S:2?38300 ' CSID: ' DURATION (mm-ss):2M6 



JAN. 1 9. 2006 1:24PM 



PABST PATENT GROUP 



NO. 6717 P. 14 



U.S.S.N. 09/235,875 
Filed: Januafy22, 1999 
APPEAL BRIEF 

shown in many ways. For example, possession may be shown by describing an actual reduction 
to practice of the claimed invention- A specification may describe an actual reduction to practice 
by showing that the inventor constructed an embodiment or performed a process that met all the 
limitations of the claim and detennined that the invention would work for its intended purpose. 
Cooper v. Gold/orb, 154 F.3d 1321, 1327,47USPQ2d 1896, 1901 (Fed, CSr. 1998). This the 
Appellants have clearly done* 

Claims 1, 6, 7, 10, and 14 and 16-21 Satisfy the Written Description Requirement 
The Examiner alleges that there is no support in claim 1 for "a phbC polymerase gene 
that encodes an enzyme that polymerizes 3-hydroxybutryl CoA and 3-hydroxYhexanoyl-CoA". 
Claim 1, as amended November 15, 2005 and on appeal, recites that the methods include 
providing genetically engineered bacteria expressing a gene that encodes a 
polyhydroxyalkanoate (PHA) polymerase that polymerizes 3-hydroxybutyryl CoA and 3- 
hydroxyhexanoyi-CoA. The specification at least at page 4, lines, 3-8 and page 21, lines 1 1-15, 
discloses that 3 -hydroxy hexanoyl CoA accepting PHA polymerase genes can be obtained from 
A. caviae, C. testosteroni, T pfenigii, and possibly P. denitrificansvnAS. natans. 

Further support for the polyhydroxyalkanoate polymerase gene from A. caviae can be 
found in Example 2, on page 21, lines 24-26, which cites a publication (Fukui & DoL J. 
Bacteriol 179:4821-4830 (1997)) (submitted with IDS filed November 4, 1999; a copy of which 
is enclosed in the Appendix) that describes the sequence for this gene. Support can also be 
found in Example 3, which describes the production of poly(3-hydroxybutyrate-co-3- 
hydroxyhexanoate) (PHBH) by construction of transgenic E. coli strains that express 
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chromosomally encoded polymerase from N. salmonicolor. In addition, Examples 2 and 5 
disclose that PHBH was produced from glucose and butyrate in E. coli expressing a plasmid 
(pMBXc!2J12) containing the polymerase from A. caviae, which confirms that this enzyme 
accepts both 3-hydroxybutyrl CoA and 3-hydroxyhexanoyl-CoA. These examples demonstrate 
that enzymes that accept both 3 -hydroxybutyryl CoA and 3-hydroxyhexanoyl-CoA as substrates 
are not mere conjecture, but known and available to those in the art and fully identified by 
appellants as useful in the claimed method* Finally, Figure 9 is a schematic of selection for a 
PHBH recombinant pathway in E. Coli using the PHA polymerase gene from P. putida. The 
schematic clearly shows that the polymerase acts on 3-hydxoxyhexanoyI-CoA* Accordingly, 
there is ample support in the specification for the claimed method and it is clear that the 
Appellants were in possession of the broad substrate polymerase at the time of filing. 
(Hi) Rejections Under 35 U.S.C. § 102 

Claims 1, 7, 10, 15, 18, 19 and 20 were rejected under 35 U.S.C. § 102(b) as being 
anticipated by Timm in light of Hoffman. 
The Legal Standard 

For a rejection of claims to be properly founded under 35 U.S.C. § 102, it must be 
established that a prior art reference discloses each and every element of the claims. Hybritech 
Inc v Monoclonal Antibodies Inc, 231 USPQ 81 (Fed. Cir. 1986), cert denied, 480 US 947. 
(1987); Scripps Clinic & Research Foundv Genentech Inc, 18 USPQ2d 1001 (Fed. Cir. 1991), 
The Federal Circuit held in Scripps, 18 USPQ2d at 1010: 
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Invalidity for anticipation requires that all of the elements and limitations of the claim are 
found within a single prior art reference. . . There must be no difference between the claimed 
invention and the reference disclosure, as viewed by a person of ordinary skill in the field of the 
invention. (Emphasis added) 

A reference that fails to disclose even one limitation will not be found to anticipate, even 
if the missing limitation could be discoverable through further experimentation. As the Federal 
Circuit held in Scripps, Id. : 

[A] finding of anticipation requires that all aspects of the claimed invention were already 
described in a single reference: a rinding that is not supportable if it is necessary to prove facts 
beyond those disclosed in the reference in order to meet the claim limitations. The role of 
extrinsic evidence is to educate the decision-maker to what the reference meant to persons of 
ordinary skill in the field of the invention, not to fill in the gaps in the reference. 

Analysis 

Claim 1 

Claim 1, as amended November 15, 2005 and on appeal, specifies that the method for the 
biological production of polyhydroxyalkanoate containing 3-hydroxyhexanoate includes 
providing genetically engineered bacteria expressing a gene that encodes a 
polyhydroxyalkanoate (PHA) polymerase that polymerizes 3-hydroxybutyryl CoA and 3- 
hydroxyhexanoyl-CoA. 

Timm discloses transforrning Pseudomonas aeruginosa with a polymerase (phbQ gene 
from A. eutrophus (R. eutropha). However, the first paragraph of the Discussion of Timm states 

«~ MBX020 
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. .the PHA synthase of A. eutrophus exhibits a preference for CoA derivatives of 
hydroxyalkanoic acids with four and five carbon atoms and does not accent longer derivatives 
as substrates", thereby specifically excluding the claimed subject matter. Appellants' 
specification also states that the polymerase from R. eutropha does not polymerize 3- 
hydroxyhexanoyl-CoA. See page 1 1, lines 5-9, which reads "The PHB polymerase from R. 
eutropha is highly specific for the 3-hydroxybutyryl CoA monomer and shows only 7.5% 
activity towards 3-hydroxyvaleryl CoA. No activity with 3-hydroxytaexanoyl CoA or longer 3- 
hydroxyacyl CoA's was detected in in vitro studies (Haywood, et al., FEMS Microbiol. Lett., 
57:1 (1989)." 

In addition, Table 1 of Timm shows that the control strain P. aeruginosa PAC1 
synthesizes PHA containing 3-hydroxyhexanoate before the PHB-synthetic genes of A. 
eutrophus are introduced (P. aeuruginosa PAC1 (pVKl01::PPl> see page 3361, Results 
Section, lines 2-4). Therefore, the ability of this strain to produce PHA containing 3- 
hydroxyhexanoate is due to endogenous enzymes expressed by the strain and not from the 
expression of the A. eutrophus genes. 

Hoffinan does not make up for this deficiency. Hoffmann was cited to prove that 
Pseudomonas aeruginosa inherently comprises tiiephaG gene, i.e. a gene encoding a Beta- 
hydroxyacyl-ACP-coenzyme A transferase also known as ACP-CoA acyltransacylase. 
Hoffmann states that the phaG gene product from P. aeruginosa is involved in the synthesis of 
polyhydroxyalkanoic acid consisting of medium-chain length constituents from non-related 
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carbon sources. Specifically Hoffmann states that phaG exhibits 3-hydroxyacyl-ACP:CoA 
transacylase activity. 

Since the disclosure of Them in light of Hoffinan does not disclose or suggest providing 
genetically engineered bacteria expressing a gene that encodes a PHA polymerase that 
polymerizes 3-hydroxybutyryl CoA and 3 -hydroxy hexanoyl-Co A, the reference does not 
anticipate claim L 



Claim 7, dependent upon claim 1 , is directed to providing a polyhydroxyalkanoate (PHA) 
polymerase gene from a bacteria selected from the group consisting of Aeromonas caviae, 
Comctmonas testosteroni Thiocapsia pfenigii, Chromatium vinosum, Bacillus cereus, Nocardia 
Carolina, Nocardia salmonicolor, Rhodococcus ruber, Rhodococcus rhodocrous, and 
Rhodospirilum rubrum. Timm does not disclose or suggest providing a PHA polymerase gene 
from Aeromonas caviae, Comamonas testosteroni, Thiocapsia pfenigii, Chromatium vinoswn, 
Bacillus cere-us, Nocardia Carolina, Nocardia salmonicohr, Rhodococcus ruber, Rhodococcus 
rhodocrous, or Rhodospirilum rubrum. Hoffinan does not make up for this deficiency since 
Hoffinan was cited to prove that Pseudomonas aeruginosa inherently comprises OiephaG gene. 
Furthermore, the Examiner has not pointed to a single place in Timm that discloses providing a 
PHA polymerase gene from the bacteria listed in claim 7. Therefore, Timm in light of Hoffinan 
does not anticipate claim 7. 



Claim 7 
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Claims 10, 18, 19 and 20 

Claim 10, dependent upon claim 1, defines the bacteria as further containing a gene 
encoding ^hydroxyacyl-ACP-coenzyme A transferase. Claims 18-20 define the bacteria as 
expressing one or more fatty acid biosynthetic enzymes; the fatty acid biosynthetic enzymes 
converting acyl ACP to acyi Co A; and the enzymes selected from the group consisting of ACP- 
CoA transacylase, acyl ACP thioesterase, and acyl CoA synthase, respectively. 

As discussed above, Table 1 of Timm shows that the ability of control strain P. 
aeruginosa PACl to produce PHA containing 3-hydroxyhexanoate is due to endogenous 
enzymes expressed by the strain and not from the expression of the A. eutrophus genes. 

Hoffman does not make up for this deficiency, Hoffmann was cited to prove that 
Pseudomonas aeruginosa inherently comprises the phaG gene, i.e. a gene encoding a Beta- 
hydroxyacyl-ACP-coenzyme A transferase also known as ACP-CoA acyltransacylase. 
Hoffmann instead states that the phaG gene product from P. aeruginosa is involved in the 
synthesis of polyhydroxyalkanoic acid consisting of medium-chain length constituents from non- 
related carbon sources. Specifically Hoffmann states that phaG exhibits 3 -hydroxy acyl- 
ACP:CoA transacylase activity. 

Since the disclosure of Tintfn in light of Hoffman does not disclose or suggest providing 
genetically engineered bacteria expressing a gene that encodes a PHA polymerase that 
polymerizes 3-hydroxybutyryl CoA and 3 -hydroxyhexanoy 1-Co A, the reference does not 
disclose all of the claim elements and limitations and, thus, does not anticipate the claims. 
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(iv) Rejections Under 35 U.S.C.§ 103 

Claims 1 and 6 were rejected under 35 U.S.C. § 103(a) as obvious over Timm, in view of 
U.S. Patent No. 5,470,727 to Macharenas et al ("Macharenas"). Claims 1, 7 and 14-21 were 
rejected under 35 U.S.C. § 103(a) as obvious over Timm, in view of Schubert P. et al. J. 
BacUriol 170(12): 5837-5847 (1988) ("Schubert") and farther in view of Boynton Z. et al. J. 
Bacteriol 178(11): 3015-3024 (1996) ("Boynton"). 

The Leeal Standard 

References relied upon to support a rejection under 35 U.S.C. § 103 must provide an 
enabling disclosure, i.e., "they must place the claimed invention in the possession of the public." 
Application of Payne, 606 F.2d 303, 314, 203 U.SJP.Q. 245 (C.C.P.A. 1979); see Beckman 
Instruments, Inc. v. LKB Producer AB, 892 F.2d 1547, 13 U.S.P.Q.2d 1301 (Fed. Cir. 1989). A 
publication tihat is insufficient as a matter of law to constitute an enabling reference may still be 
relied upon, but only for what it discloses. See Reading & Bates Constr. Co. v. Baker Energy 
Resources Corp., 748 F.2d 645, 651-652, 223 U.S.P.Q. 1168 (Fed. Cir. 1984); Symbol 
Technologies, Inc. v. Opticon, Inc., 935 F.2d 1569 (Fed. Cir. 1991). 

"Focusing on the obviousness of substitutions and differences, instead of on the invention 
as a whole, is a legally improper way to simplify the often difficult determination of 
obviousness." Gillette Co. v. S.C. Johnson & Sons, Inc., 919 F.2d 720, 724, 16 U.S.P.Q.2d 1923 
(Fed. Cir. 1990); see Hybritech Inc. v. Monoclonal Antibodies, Inc., 802 F.2d 1367, 1383, 231 
U.S.P.Q. 81, 93 (Fed. Cir. 1986). "One cannot use hindsight reconstruction to pick and choose 



„*,,,,,,„, i£ MBX020 

450<3277vl 16 077832/OOO77 



PAGE 20/47 1 RCVDAT 1/191200$ 1:23:05 PM [Eastern Standard Time] ' SVR:USPT0-EFXRF-6I25 ' DNIS:2738300 ' CSID: ' DURATION (mm-ss):2746 



JAN. 1 9. 2006 1:27PM 



PABST PATENT GROUP 



NO. 6717 P. 21 



U.S,S.N. 09/235,875 
Filed: January 22, 1999 
APPEAL BRIEF 

among isolated disclosures on the prior art to deprecate the claimed invention.' 1 In re Fine, 837 
F.2d 1071, 1075 (Fed. Cir. 1988). 

The prior art must provide one of ordinary skill in the art with the motivation to make the 
proposed modifications needed to arrive at the claimed invention. See In re Geiger , 815 F.2d 
686, 2 U.S J.Q.2d 1276 (Fed. Cir. 1987); In re Lalu and Foulletier, 747 F.2d 703, 705, 223 
U.S.P.Q. 1257, 1258 (Fed. Cir. 1984). Claims for an invention are not prima facie obvious if the 
primary references do not suggest all elements of the claimed invention and the prior art does not 
suggest the modifications that would bring the primary references into conformity with the 
application claims. In re FritcK 23 U.$.P.Q.2d, 1780 (Fed. Cir. 1992). In re Laskowski, 871 
F.2d 1 15 (Fed. Cir, 1989). This is not possible when the claimed invention achieves more than 
what any or all of the prior art references allegedly suggest, expressly or by reasonable 
implication. 

Obviousness is determined as follows. "A proper analysis under § 103 reqyites, inter 
alia, consideration of two factors: (1) whether the prior art would have suggested to those of 
ordinary skill in the art that they should make the claimed composition or device, or cairy out the 
claimed process; and (2) whether the prior art would also have revealed that in so making or 
carrying out, those of ordinary skill would have a reasonable expectation of success." Noelle v. 
Lederman, 355 F.3d 1343, 69 USPQ2d 1508 (Fed, Cir. 2004) Both a suggestion to make a 
claimed composition or process and a reasonable expectation of success must be founded in the 
prior art, not in the appellant's disclosure. Vetander v. Garner, 348 F,3d 1359, 68 USPQ2d 1769 
(Fed. Cir. 2003); see also In re Dow Chem. Co,, 837 F.2d 469, 473 (Fed. Cir. 1988). 
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Analysis 

Rejection of claims 1 and 6 over Tirnm. in view of Macharenas 

Claim 1, as amended November 15, 2005 and on appeal, specifies that the method for the 
biological production of polyhydroxyalkanoate containing 3-hydroxyhexanoate includes 
providing genetically engineered bacteria expressing a gene that encodes a 
polyhydroxyalkanoate (PHA) polymerase that polymerizes 3-hydroxybutyryl CoA and 3- 
hydroxyhexanoyl-CoA. Claim 6 specifies that the polyhydroxyalkanoate (PHA) polymerase 
gene is incorporated into the bacterial chromosome. 

As discussed in detail above, Tirnm discloses ixwsfomabgPseudomonas aeruginosa 
with a gene encoding PHB polymerase from,! eutrophus (R. eutropha), which does not 
polymerize 3-hydroxybutyryl CoA and 3-hydroxyhexanoyl-CoA. Macharenas merely describes 
the chromosomal expression of non-bacterial genes in bacterial cells. 

Neither Timm nor Macharenas, alone or in combination, disclose or suggest providing 
genetically engineered bacteria expressing a gene that encodes a polyhydroxyalkanoate 
polymerase that polymerizes 3-hydroxybutyryi CoA and 3-hydroxyhexanoyl-CoA. Therefore, 
claims 1 and 6 are not prima facie obvious over these references, since the references do not 
disclose or suggest all of the claim limitations. 
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Rej ection of claims 1. 7. Hand 16-21 over Timm. in view of Schubert and further in 
view of Bovnton 

Claims 1 and 16 

Claim 1, as amended November IS, 2005 and on appeal, specifies that the method for the 
biological production of polyhydroxyalkanoate containing 3 : hydroxyhexanoate includes 
providing genetically engineered bacteria expressing a gene that encodes a 
polyhydroxyalkanoate (PHA) polymerase that polymerizes 3-hydroxybutyryl CoA and 3- 
hydroxyhexanoyl-CoA. Claim 16 specifies mat the bacteria express a gene encoding a D- 
specific enoyl-CoAhydratase. 

Both Timm and Schubert disclose introducing the PHB synthetic genes from A 
eutrophus into P. aeruginosa and E. coli, respectively. The PHB polymerase from A. eutrophus 
does not polymerize 3-hydroxybutyryl CoA and 3-hydroxyhexanoyl-CoA. In addition, Schubert 
does not describe a polymerase gene from H rubrum that was available. Schubert cites to a 
paper that was published in 1960 (Merrick, JM. and Doudoroff, M. Nature 1 89: 890-892 (1960) 
enclosed with the Amendment and Response filed November 15, 2005; a copy of which is 
enclosed in the Appendix), which only states that PHB synthase is associated with phospholipids 
on the surface of the PHB granules under certain conditions of growth. There is nothing in the 
paper about isolating, cloning, sequencing or genetically engineering a PHB synthase from R. 
rubrum. 

Boynton discloses three enzymes from C. acetobutylicum that form butyryl CoA. 
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None of these references, either alone or in combination, disclose or suggest providing 
genetically engineered bacteria expressing a gene that encodes a PHA polymerase that 
polymerizes 3-hydroxybutyryl CoA and 3-hydroxyhexanoyl-CoA as required by claim 1. 
Therefore, claim 1 is not prima facie obvious over these references. 

Claim 7 

The Examiner has failed to establish a prima facie case of obviousness over Timm in 
view of Schubert and further in view of Boynton. Timm, Schubert and Boynton do not disclose 
or suggest providing a PHA polymerase gene from Aeromonas caviae, Comamonas testosteroni, 
Thiocctpsiapfenigii, Chromatium vmosum, Bacillus cereus, Nocardia Carolina, Nocardia 
salmonicolor, Rhodococcus ruber, Rhodococcus rhodocrous, or Rhodospirilvm rubrum. The 
Examiner has not pointed to a single place in Timm, Schubert or Boynton that discloses 
providing a PHA polymerase gene from the bacteria listed in claim 7. Furthermore, as stated in 
35 U.S.C § 103, the burden is on the Examiner to demonstrate that one of skill in the art would 
be motivated to combine these references to arrive at the bacteria listed in claim 7. The 
Examiner has not met his burden because the references do not disclose the bacteria listed in 
claim 7. Therefore, claim 7 is not prima facie obvious over these references. 
Claim 14 

Claim 14 defines the bacteria as K coli. Bom Timm and Schubert disclose introducing 
the PHB synthetic genes from A. eutrophus into P. aeruginosa and E. coli, respectively. The 
PHB polymerase from A. eutrophus does not polymerize 3-hydroxybutyryl CoA and 3- 
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hydroxyhexanoyl-CoA. In addition, as discussed above, Schubert does not describe a 
polymerase gene from R. rubrum that was available (see Merrick). 

Boynton discloses three enzymes from C. acetobutylicum that form butyryl CoA. 

None of these references, either alone or in combination, disclose or suggest providing 
genetically engineered E. Coli expressing a gene that encodes a PHA polymerase that 
polymerizes 3-hydroxybutyryl CoA and 3-hydroxyhexanoyl-CoA as required by claim 14. 
Therefore, claim 14 is not prima facie obvious over these references. 

Claim 17 

Claim 17 defines the bacteria as expressing a PHB biosynthetic thiolase, three enzymes 
from C acetobutylicum that form butyryl CoA, thiolase specific for 3-ketohexanoyl CoA, 
reductase specific for 3-ketohexanoyl CoA, and a polyhydroxyalkanoate (PHA) polymerase that 
accepts both 3-hydroxybutyryl CoA and 3-hydroxyhexanoyl CoA. 

As discussed above, none of these references, either alone or in combination, disclose or 
suggest providing genetically engineered bacteria expressing a gene that encodes a PHA 
polymerase that polymerizes 3-hydroxybutyryl CoA and 3-hydroxyhexanoyl-CoA. Both Timm 
and Schubert disclose introducing the PHB synthetic genes from A. eutrophus into P. aeruginosa 
and K coli, respectively. The specification at least at page 1 1, lines 10-28, describes the 
reductase and 3-ketofbiolase activities for 3-ketohexanoyl CoA in if?, eutropha {A. eutrophus) as 
poor. The specification states at page 11, lines 25-28 that the synthesis of 3-hydroxyhexanoyl- 
CoA monomers with the PHB enzymes from R eutropha can be improved by using thiolase 
and/or reductase genes with advantageous substrate specificity for 3-ketohexanoyl-CoA. The 
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references do not disclose or suggest thiolases specific for 3-ketohexanoyl CoA and/or 
reductases specific for 3-ketohexanoyl CoA. Therefore, claim 17 is not prima facie obvious over 
these references. 

Claims 18, 19, 20 and 21 

Claims 18-21 define the bacteria as expressing one or more fatty acid biosynthetic 
enzymes; the fatty acid biosynthetic enzymes as converting acyl ACP to acyl CoA; where the 
enzymes are selected from the group consisting of ACP-CoA transacylase, acyl ACP 
thioesterase, and acyl CoA synthase; and that the enzymes axe selected from the group consisting 
of acyl ACP thioesterase, and acyl CoA synthase, respectively. 

Schubert discloses introducing the PHB synthetic genes from A eutrophus into E. colu 
Boynton discloses three enzymes from C acetobutylicum that form butytyl CoA. Schubert and 
Boynton do not disclose or suggest any of the limitations recited in any of claims 1 8-21 . Based 
on the Examiner's arguments at page 8, it appears that claims 1 8-21 are rejected as being 
obvious over Timm in view of Hoffman. Timm shows that the ability of P. aeruginosa to 
produce PHA containing 3-hydxoxyhexanoate is due to endogenous enzymes expressed by the 
strain and not from the expression of the A eutrophus genes. Hoffmann was cited to prove that 
Pseudomonas aeruginosa inherently comprises the phaG gene, Le. a gene encoding a Beta- 
hydroxyacyl-ACP-coenzyme A transferase also known as ACP-CoA acyltransacylase. 

As discussed above, since the disclosure of Timm in ligjit of Hoffman does not disclose 
or suggest providing genetically engineered bacteria expressing a gene that encodes a PHA 
polymerase that polymerizes 3-hydroxybutyryl CoA and 3-hydroxyhexanoyl-CoA, the reference 
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does not disclose all of the claim elements and limitations. Furthermore, Timm in light of 
Hoffman does not disclose or suggest expression of an acyl ACP thioesterase and/or acyl CoA 
synthase. Therefore, claims 18-21 are not prima facie obvious over these references. 
(9) SUMMARY AND CONCLUSION 

1 . The claims recite methods of providing genetically engineered bacteria expressing a gene 
mat encodes a polyhydroxyalkanoate (PHA) polymerase that polymerizes 3-hydroxybutyryl CoA 
and 3-hydroxyhexanoyl-CoA. The specification at least at page 4, lines, 3-8 and page 21, lines 
11-15, discloses that 3-hydroxyhexanoyl CoA accepting PHA polymerase genes can be obtained 
from A. caviae, C. testosteroni, T.pfenigii, and possibly P. denitrificatis and S. natans. In 
addition, me Examples disclose that the polymerase from A caviae (Examples 2 and 5) and the 
polymerase from N. salmonicolor (Example 3) can both form PHBH copolymers. Accordingly, 
it is clear from the ample support in the specification that the Appellants were in possession of 
polyhydroxyalkanoate polymerases with the appropriate substrate specificity and provided an 
enabling disclosure for one of skill in the art to use the claimed methods. 

2. Timm discloses transforming Pseudomonas aeruginosa with a gene encoding PHB 
polymerase from A eutrophus (R. eutropha), which does not polymerize 3-hydroxybutyryl CoA 
and 3-hydroxyhexanoyl-CoA. Hoffman does not make up for this deficiency. Since the 
disclosure of Timm in light of Hoffman does not teach providing genetically engineered bacteria 
expressing a gene that encodes a PHA polymerase that polymerizes 3-hydroxybutyryl CoA and 
3-hydroxyhexanoyl-CoA, the reference does not disclose all of the claim elements and 
limitations and, thus, does not anticipate the claims. 
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3 , Timm discloses transforming Pseudomonas aeruginosa with a gene encoding PHB 
polymerase from A. eutrophus (R eutropha), which does not polymerize 3-hydroxybutyryl CoA 
and 3-hydroxyhexanoyl-CoA. Macharenas merely teaches the chromosomal expression of non- 
bacterial genes in bacterial cells, Neither Timm nor Macharenas, alone or in combination, 
disclose or suggest providing genetically engineered bacteria expressing a gene that encodes a 
polyhydroxyalkanoate polymerase that polymerizes 3-hydroxybutyryl CoA and 3- 
hydroxyhexanoyl-CoA. Therefore, the claimed methods are not prima facie obvious over these 
references. 

4, Both Timm and Schubert disclose introducing the PHB synthetic genes from A. 
eutrophus into P. aeruginosa and E. coli, respectively. Boynton discloses three enzymes from C 
acetobutylicum that form butyryl CoA. None of these references, either alone or in combination, 
disclose or suggest providing genetically engineered bacteria expressing a gene that encodes a 
PHA polymerase that polymerizes 3-hydxoxybutyryl CoA and 3-hydroxyhexanoyl-CoA. 
Therefore, the claims are not prima facie obvious over these references, since the references do 
not teach or suggest all of the claim limitations. 
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For the foregoing reasons, Appellants submit that claims 1, 6, 7, 10, 14 and 16-21 are 



Date: January 19, 2006 

PABST PATENT GROUP LLP 
400 Colony Square, Suite 1200 
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patentable. 
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Claims Appendix: Claims On Appeal 

1. A method for the biological production of polyhydroxyalkanoate contai ning 3- 
hydroxyhexanoate comprising providing genetically engineered bacteria expressing a thiolase 
gene encoding an enzyme that converts butyryl-CoA and acetyl CoA to beta-ketohexanoyl-CoA 5 
a reductase gene that encodes an enzyme that converts beta-ketohexanoyl-CoA to beta- 
hydroxyhexanoyl-CoA, and a gene that encodes a polyhydroxyalkanoate (PHA) polymerase that 
polymerizes 3-hydroxybutyryl CoA and-3-hydroxyhexanoyl-CoA, wherein the enzymes are 
expressed in a sufficient amount to produce polyhydroxybutyrate-co-3-hydroxyhexanoate. 

6. The method of claim 1 wherein the polyhydroxyalkanoate (PHA) polymerase gene is 
incorporated into the bacterial chromosome. 

7. The method of claim 1 for producing a copolymer of 3-hydroxyhexanoate comprising 
providing a polyhydroxyalkanoate (PHA) polymerase gene from a bacteria selected from the 
group consisting of Aeromonas caviae, Comamonas testosterone Thiocapsia pfenigii, 
Chromatiutn vinosum, Bacillus cereus, Nocardia Carolina, Nocardia salmonicohr, Rhodococcus 
ruber, Rhodococcus rhodocrous, and Rhodospirilum rubrum. 

10. The method of claim 1 wherein the bacteria further comprises a gene encoding B- 
hydroxyacyl-ACP-coenzyme A transferase. 

14. The method of claim 1 wherein the bacteria is E. colt. 

1 6. The method of claim 1 wherein the bacteria expresses a gene encoding a D-specific 
enoyl-CoA hydratase. 
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17. The method of claim 1 wherein the bacteria expresses a PHB biosynthetic thiolase, 
three enzymes from C acetobutylicum that form butyryl CoA, thiolase specific for 3- 
ketohexanoyl CoA, reductase specific for 3-ketohexanoyl CoA, and a polyhydroxyalkanoate 
(PHA) polymerase that accepts both 3-hydioxybutyryl CoA and 3-hydroxyhexanoyl CoA. 

18. The method of claim 1 wherein the bacteria expresses one or more fatty acid 

biosynthetic enzymes, 

19. The method of claim 1 8 wherein the fatty acid biosynthetic enzymes convert acyl 

ACP to acyl CoA. 

20. The method of claim 19 where the enzymes are selected from the group consisting of 
ACP-CoA transacylase, acyl ACP thioesterase, and acyl CoA synthase. 

21. The method of claim 20 wherein the enzymes are acyl ACP thioesterase and acyl 
CoA synthase. 
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Cloning and Analysis of the Poly(3-Hydroxybutyrate-co-3- 
Hydroxyhexanoate) Biosynthesis Genes 
of Aeromonas caviae 

TOSHIAKI FUKUI and YOSHIHARU DOI* 

Polymer Ckenusiry Laboratory, Institute of Physical and Chemical Research (RIKEN), 
Hirosawa, Wako-ski, Saitama 351'02 f Japan 

Received 13 December l?9d/Accepted 14 April 1997 

A 5.0-kbp EcoRV-EcoRl restriction fragment was cloned and analyzed from genomic DNA of A*ro?nonas 
caviae, a bacterium producing a copolyester of (#)-3-hydro*ybutyrate 0HB) and TO-5-hydroxyhexanoate (3HHx) 
lP(3HB-co-3HHx)J from alkanoic acids or oils. The nucleotide sequence of this region showed a 1,782-bp poly 
(3-nydroxyalkanoate) (PHA) synthase gene (phaC^ [Le^ the phaC gene from A. caviae]) together with four 
open reading frames (ORFl, -3 r -4, and -5) and one 1 putative promoter region. The cloned fragments could not 
only complement PHA-negativc mutants of Alcaligenes evurophus and Pseudomoiuis putida, but also confer the 
ability to synthesize P(3HB*<0*3HHx) from octanoate or hexanoate on the mutants* hosts. Furthermore* 
compression of ORFl and ORF3 genes with pkaC^ in the A. eutrvphus mutant resulted in a decrease in the 
polyester content of the cells- Escherichia coli expressing OR$3 showed tffj-enoyl-coensyrae A (CoA) hydratase 
activity, suggesting that (J?)-3-hydroKyacy]-CoA monomer units are supplied via the (R) -specific Irydration of 
enoyl-CoA in A. caviae. The transconjugant of the A. eutropkus mutant expressing only phaC^ effectively 
accumulated P(3HB-o7-3HHx) up to 96 wt% of the cellular dry weight from octanoate in one-step cultivation. 



The utilization of biological systems for production of bio- 
degradable materials is becoming important as a solution of 
the problems concerning plastic waste and the global environ- 
ment Poly(3-bydroxyalkanoates) (PHA) are produced by a 
wide variety of bacteria as intracellular carbon- and energy- 
storage materials from renewable carbon resources, such as 
sugars or plant oils (2, 6, 18, 25). Since these bacterial PHA are 
biodegradable thermoplastics, they have attracted industrial 
attention as possible candidates for large-scale biotechnologi- 
cal products. At present, more than 90 different monomelic 
units have been found as constituents of PHA (37). 

Bacterial PHA can be divided into two groups, depending on 
the number of carbon atoms in the monomelic units (35), One 
group of bacteria, including Aicaligenes eutrophus* produces 
short-chain-length PHA with Cg-to-Cg monomer units, while 
the other group, including Pseudomonas oleovorans, synthe- 
sizes medium-chain-length PHA with Q-tO-C^ monomer 
units. Only a few reports are available for bacteria which can 
synthesize PHA consisting of both short- and raedium-diain- 
length monomer units. For example, Rhodospuilhim rubrum 
(3), Rhodocyclus gelatinosus (19), and Rhodococcus ruber (12) 
produce terpolymers consisting of C 47 Cj, and Cg 3-hydrcoryal- 
kanoate (3HA) units from bexanoate, and some pseudomonad 
strains accumulate PHA consisting of C^to-C^ 3 HA units (16, 
38). Our laboratory has found that a random copolymer of 
3-bydroxybutyraTe (3HB) and 3-hydroxyhesanoate (3HHx), 
P(3HB-co-3HHk), is produced by Aeromonas caviae FA440 
isolated from sofl (7, 32). This bacterium synthesizes the co- 
polyester from alkanoic acids of even carbon numbers or from 
plant oils up to approximately 30 wt% of the cellular dry 
height, with a 3HHx fraction ranging from 10 to 25 mol%. We 
have also demonstrated that P(3HB-co-3HHx) is a flexible 
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material and that films of the copolymer show a high degree of 
elongation to break (<850%) (7). 

PHA biosynthesis genes, including structural genes of PHA 
synthases, have been isolated and analyzed at a molecular level 
from various sources (18, 36). The genes of A, eutropkus are 
organized in a single operon as phbC-A-B, which are genes of 
PHA synthase, P-kctothiolase, and N ADPH-acetoa ce tyln:ocii- 
zyme A (CoA) reductase, respectively (26, 31, 34). Whereas in 
P. okovorans, two structural genes of PHA synthases (phaCl 
and phaCT) flanking a PHA deporymerase gene have been 
identified (14), PHA synthases of Chromatium vinosum (21) 
and Thiocapsa pfennigii (35) consist of two different types of 
subunits encoded by phbC and pkbE in a single operon. Al- 
though cells of T. pfennigii accumulated only P(3HB) homo- 
polymer from various carbon sources, a recombinant Pseudo- 
monas pmida strain harboring the PHA biosynthesis genes of 
71 pfennigii produced a new type of PHA consisting of 3HB, 
3HHx, and 3-hydroxyoctanoate units from octanoate (20) or of 
PHA containing 4-bydroxy- and 5-hydroxyaIkanoate units from 
the related carbon sources (40, 41). In this study, we cloned 
and sequenced the P(3HB-co-3HHx) biosynthesis genes of A 
caviae FA440 to study the molecular organization. In addition, 
heterologous expression of the ctoned genes was examined in 
PHA-negathre mutants of A eutrophus and P. putida to char- 
acterize the genes and the PHA-producing ability of the re- 
combinant strains was investigated. 



MATERIALS AND METHODS 

Bacterial strains, pfcttmtfs, find growth conditions. Bacterial strains and plas- 
mids used in this study &t Uwed In Table 1. A. cartas, A. eutwphus, and P. putida 
strain* were cultivated ai 30*C m a nutrient-rich medium am minim; 10 g of meat 
extract, 10 J of potypeplont, and 2 g of yeast extract in 1 liter of distilled water, 
ind Escherlc/ib ccli strains were grown at 3TC on a Luria^Bcnanl medium' (28). 
WbeA needed, kananiydn (50 msfliter) or ampicilljn (50 mg/Bier) was added to 
maintain the plasmids. 

DMA manipulation. Isolation of ratal genomic DNA and ptasmtds, digestion of 
DNA with rcsnicrion cndomicleascs, end transformation of E. caU were carried 
out by standard procedure* (28). Transconju-aoon of A. eutraphus or P. pmtia 
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i/uji-t i. Bacterial strains and plasmid3 used in this study 




Strain or pl&niid 




Relevant characteristics 


Source or refcrcn« 


i4. ca\iac FA440 




Wild type 


PERM P-3432 


A. eitTrophits PHB~4 
R putido G.Ppl04 
E. cvli 




PHA-negativc mutant of H16 
PHA-negarfve mutant of KT2442 


7,32 

DSM 541, 30 
14 


DHSa 
S17-I . 




devR endAJ ggrA96 tedR17 (r K ~ m&) recAt relAI siipEJ4 r /iW 

/*o4 and /w genes of plasmid RF4 integrated Into the chromosome; 
auxotrophic for proline and thiamine 


Clontech 
33 


Masmids 








pLA2917 

pJRD215 

pJRDEESO 

pJRDEE32 

pBIuescriptll KS + 

pUC18 

pE£32 




Cosmld; Km r Ttf RK2 replicon Mob" - 

Cosmic!; Km r SuT RSF1O10 replicon Mob* 

pJRD2li derivative; phaC^ ORF1 ORF3 ORF4 ORF5 

pJRD215 derivative; pttaC^ ORFl ORF3 

Ap r lacPOZ T7 and T3 promoter 

Ap' 

pUC18 derivative; piiaC Ac ORFl ORF3 


1 
4 

This study 
This study 
Siratagene 
Takara 
This study 



with £. cell S17-1 harboring broad-hoit- range plnsmids wjs performed as de- 
scribed by Friedrich dt ah (&). 

PGR. To amplify a pardol fragment Of the A caviae PHA jymhatt gene from 
genomic DMA, *d performed PCR with two primers [Pl T 5'-CC(C/G)CC(Q'G) 
TGGATCAA(T/QAAqT(T/A){T/OTA(T/C)ATC-V: P2. 5VG/C)AGCCA 
(0/QGCXG^)GTCC^{AyG)TC(G/C)GGCCACCAO r ] under 25 cvclcs of dc. 
na<u ration at 9S*C for 20 S ami anncalinr; and elongation al 65*C for 2 ruin. The 
amplified DNA was purified by phenol extraction and elhanol prccipiiation. 

Cloning or gent*. Genomic DNA was partially digested with &ui3AI and 
Ugated to the cosmitl vectorpLA2SH7 (1) linearised within. The conCOtcmeric 
ligation products were packaged by using Gigcpack II (SirjitaKne). and the 
resultant phage particles were tranifscted to EL cell S17-L The constructed 
eoswid library was screened by COtOny hybridization (28) with the PCR-amplificd 
fragment as a probe to isolate the PHA biosynthesis genes of A. carina Prepa- 
ration of the labeled probe add detection of the hybridization signals on mem- 
branes were carried out with a digorigenin nucleic acid labeling and detection kii 
(fioehringer Mannheim). 

DNA sequencing ami lysis. DNA fragments were subclone mlo pBlucsciiprJt 
KS~ or pUClSv atid nesieu sets of delation clones were fene raxed by using 
exo nuclease HI for DNA Sequencing (2Sy DNA was sequenced in a D SO -1000 
DMA sequencer (Shimndai Co., Kyoto, Japan) with a Ttiq cycle sequencing kit 
(Tafcara Co-, Kyoto, Japan). Comparer analysis of the resulting nudeoride se- 
quence was performed with SDC-GENETYX genetic information processing 
software (Software Development Co* Tokyo, Japan). 

Site- dim: ted mutagenesis To create restriction sices in me isobted genes, 
she-directed mutagenesis was carried cut under the unique site elimination 
procedure developed by Deng and Nickoloff (5) wilh a U.S,E. mutagenesis Idt 
(Pharmacia). Primers Ml and MZ (used for creation of^g/II sites) and primers 
M3 and M4 {used tor creation of 5am HI sites) were OS follows: Ml. 5'-GCCG 
ATTGCCCCAGATCTACACTGTTCrGCC-3'; Ml 5'-CACGCTACGGGCT 
AG ATCTCC CCTCG OGTGTG-3 ' ; M3, S'-CGCATGAGCGCAGGATCCCT 
GGAAGTAGCC-3'i and M4, 5 ' -GCCGTG ACGGGGGGATCOGTGGTCAA 
GCTG-3'. 

Produaion and analysis of PHA. Gne*swp production of polyesters was car> 
ried out on a reciprocal shaker (130 sirokes/roin) at 30*C for 72 h ia 500-ml flasks 
with 100 ml of o nitrogeo-limiicd mineral salt medium, which was composed of 
0.9 a of Na^RPCu • 12H;0 ? 0.15 g of KHjPOj, 0.05 g of NH*C1. 0.02 3 of 
MgSO d • 7H z O, and 0.1 ml of trace element torution (16). In the case of two-step 
production, cells were first Cultivated in 100 ml of nurrico^ncti medium for 12 h. 
Harvested and washed cells were then transferred into a nitrogen (NHjCJHrcc 
mineral salt medium and incubated at 3D°C for 48 h. Filter^Sterilized carbon 
sourcfis were added as indicated in the text. For maintenance of broad-host- 
range plaimids in A. aizropJuu or P. putidQ, kanamycin was added id the medium 
at a concentration of $0 cng/liter. Cellular PHA content and composition were 
determined by gas chromatography after mechanolysis of dried cells Ia the 
presence of 15& sulfuric acta; as described previously (16). 

PHA synihase assay. Crude cell extracts of A einroplnts transconjugants were 
prepared as described by Schubert et a). (31). The activity of PHA synthase was 
determined by spectroscopic essay according to the methods described by Val- 
endn and Steinbuchel (43). (K)-3HB-CoA ^ synthesized bv me mixed anhy- 
dride method described by Haywood et aL (11). 

Eaojl-CoA bydruase assay. Recombinant £. coS cells were SOaiCaled and 
centrifuscd (20,000 Xg,2Q min. and the resulting soluble ccU extracts were 
used as an enzyme solution. Enoyl-CoA hydratase activity u-as assayed by the 



hydration of crotorryl-CoA (Sigma) followed by meusurcmcm of the disappear- 
ance of absorbancc at 263 nm derived from the decrease of the edOyl-thiocstcr 
bond, as described by MoskOwirz and Merrick (23). The configuration of 3HB- 
CoA produced by the hydmtase w.^s determined by coupling with the (S)-sperific 
dehydrogenacion. NAD" and (S>3HA-CoA dehydrogenase (Sigma) were added 
after the hydration reaction had reached equilibrium, and the reduction of 
NAD" was monitored at 340 nm (23). 

Nucleotide Sequence accession number. The nucleotide sequence data re- 
ported here will appear in the EMBL Gen Bank, and DDBJ nucleotide sequence 
databases under accession no. D88825. 

RESULTS 

Identification and cloning of the A caviar PHA biosynthesis 
genes. For the identification of the PHA biosynthesis genes of 
A caviae, a partial fragment of a PHA synthase gene was 
amplified from the genomic DNA and used as a specific probe. 
Two primers were designed from highly conserved regions 
among known PHA synthases (244*PPWINK(Y/F)Yl-252 and 
547-WWPDWTAWL-555: numbering corresponds to the A. 
eutrophits PHA synthase) (36), Mid PCR with the designed 
primers resulted hi successful amplification of an approxi-' 
mately 900-bp fragment. Hybridization analysis gave only one 
positive signal for each of the EcoRI-, BamHl-, HindLll^ and 
ft/r-digested genomic DMAs of A. caviae with a probe pre- 
pared from the amplified fragment. There were no detectable 
hybridization signals even under low-stringency conditions 
when the PHA synthase gene of A eutrophw (26, 31, 34) was 
used as a probe. A cosmid library constructed in £1 colt S17-1 
was screened by colony hybridization, and one positive recom- 
binant clone was isolated, which harbored a 204cbp A caviae 
genomic DNA fragment A positive 11-kbp Sail subfragment 
(SSI 10) was cloned into pBluescriprJI KS"*\ and further anal- 
ysis showed that the PHA biosynthesis genes of A caviae were 
located in a 5-0-kbp EcoRV-EcoKl subfragment, referred to as 
VE50. 

Nucleotide sequence and structure of the PHA biosynthesis 
genes. A nucleotide sequence of the VE50 fragment was de- 
termined for both strands. Fig. lb and 2 show the restriction 
map and the determined nucleotide sequence, respectively, of 
the VE50 fragment Five open reading frames (ORFs) were 
identified (ORFl to -5) in the fragment by computer analysis, 
as shown in Fig. 1c. 

0RF2 (1,782 bp), which is the largest gene in this fragment, 
encoded a protein composed of 594 amino acids with a mo- 
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lecular mass of 66,334 Da- Figure 3 shows a partial alignment 
and the identities of its deduced amino acid sequence with 
known PHA synthases from 11 microorganisms. Relatively 
high identities were obtained with the synthases of Acineto- 
bacter &p. (45.1%) (29) and A eutrophus (42.7%); therefore, 
ORF2 was concluded to represent a structural gene of A. 
caviae PHA synthase, and it was referred to as phaC Af . The 
calculated molecular mass of the translated PHA synthase was 
almost consistent with that of A. eiurophui (63,940 Da) and 
those of P. oleovorans (62,400 and 62,600 Da) (14). The prop- 
agation of a polyester chain has been proposed to include the 
formation of an acyl-5 engine intermediate at two thiol groups 
and the transesterification to a propagating chain (17). Cys-319 
in the A. eutrophus synthase has been demonstrated by muta- 
genic analysis to play important roles in the catalytic cycles (9), 
and the corresponding Cys residue is conserved in the PHA 
synthase of A. caviae at the same position, 319, in a lipase 
box-like sequence. Another active site has been proposed to be 
a thiol group of a 4'-phosphopantethein moiety which post- 
translationaliy modifies the synthase of A eutrophus in £. coli 
(9), A candidate for the modified residue, Ser-260, is also 
found in the amino acid sequence deduced from phaC Ac 

ORFl (348 bp) and ORF3 (402 bp) were located in up- 
stream and downstream regions, respectively, of phaC Aci and 
ORF4 (561 bp) and ORF5 (756 bp) were oriented in the 
opposite direction to the other three genes. Several -35 to 
-10 consensus sequences of a or 70 -dependent promoter (10) 
were found berween ORFl and ORF4 on both strands, sug- 
gesting that the approximately 300-bp region is a putative pro- 
moter region for these five genes- The ATG start codon of 
ORF3 overlapped with the TGA stop codon of phaC Ae , and an 
inverted repeat, which may serve as a transcriptional termina- 
tion signal, was identified in the downstream region of ORF3 
(nucleotides 4899 to 4930) with the structural free energy of 
— 166 ki/mol. The presence of ribosome binding sequences 5 to 
8 bp upstream of the ATG start codon of all genes suggests the 
translation of these five genes. 

Complementation studies and heterologous expression. To 
confirm whether the cloned fragments harbor functionally ac- 
tive PHA biosynthesis genes, heterologous expression of the 
genes was investigated in the PHA-negative mutants PHB"4 
o(A. eurrophus (30) and GPpl04 of P. putida (14), The VE50 



fragment (containing phaC Aer ORFl, ORF3, ORF4 t and ORF5) 
and a 3.2-kbpi3>gfiI-.£e0RI fragment (containing phaC Aci ORFl, 
and ORF3), both of which harbored the putative- promoter 
region, were converted to £coRI restriction fragments referred 
to as EE50 and EE32, respectively, with a p£toRl linker. 
These two fragments were inserted into a broad-host-range 
vector* pJRD215 (4), at the unique £coRl site, and the result- 
ant plasmids, pJRDEE50 and pJRDEE32, were mobilized from 
K coli S17-1 to A. eutrophus PHB'4 or to P, purida GPpl04. 
The transconjugants were cultivated in a mineral salt medium 
to promote the PHA biosynthesis from sugar (fructose for 
transconjugants of PHB~4 or gluconate for those of GPpl04), 
hexanoate, or octanoate as a carbon source. 

Table 2 shows the results of PHA accumulation in the 
recombinant strains by one-step cultivation. The plasmids 
pJRDEESO and pJRDEE32 not only could complement the 
deficiency of PHA synthase in the mutant strains but also could 
confer the ability to synthesize P(3HB-co-3HHx) copolymer on 
the hosts. A eutrophus PHB~4 harboring pJRDEE32 produced 
P(3HB) homopolymer from fructose (S3 wt9& of the cellular 
dry weight) and P(3HB-co-3HHx) copolymer, with 22 mo\% of 
the 3HHx fraction from octanoate (33 wt%), while the strain 
harboring pJRDEE50 accumulated only a small amount of 
polyesters (0 to 7 wc%). P. putida GPpl04 harboring these 
plasmids accumulated more than 40 wt% of P(3HB-co-3HHx) 
from hexanoate or octanoate, with a high 3HHx composition. 
The mole fraction of the 3HHx unit reached 40 mo\% in the 
hexanoate-grown cells. These strains synthesized P(3HB-co- 
3HHx) not only from the carboxylic acids but also from glu- 
conate, although the content was low (4 wt%). 

Furthermore, ORFl and/or ORF3 were deleted from the 
EE32 fragment* and the accumulation of PHA in transconju- 
gants of PHB~4 harboring the deleted clones was investigated. 
The EE32 fragment was ligated to pUCIS to form a recombi- 
nant plasmid called pEE32. Two BgKL sites across the coding 
region of ORFl or two BamHL sites across that of ORF3 were 
created by site-directed mutagenesis, and elimination of the 
BgUl or BamHl fragment from the modified plasmids gave 
pEE32dl and pEE32d3 } respectively. pEE32dl3 was also con- 
structed by eliminating both the BgM and BamW fragments- 
The deleted EcoRl restriction fragments of these plasmids 
were inserted into pJRD2I5, resulting in the formation of 



PAGE 34/47 ' RCVD AT 1/1912006 1 :23:05 PM [Eastern Standard Time] * SVR:USPTO-ff XRF-6125 ' DNIS:2738300 * CSID: * DURATION (mm-ss):27-46 



JAN. 19. 2006- 

V* 



:36PM— PABST PATENT GROUP 



NO. 6717 P. 35 



4S24 FUKUI AND DOI 



J. BaCTEWOl 



£^RV 10 20 30 40 

110 120 030 ieo 



150 



6o 70 so 90 100 

160 170 ISO -190 200 



210 220 230 240 250 2 60 ™____.^!j_. n .jgg 300 

310 320 S30 . 340 350 360 370 350 390 400 

410 420 430 440 450 460 470 46G 430 S00 

*PRVFHYVWGE3fc77D5P 
510 520 S30 540 550 560 570 550 590 6Q0 

ASVI.APL5AVAG3AAYQLAMLACLAADYRDTGA 

€10 620 630 640 650 550 . 670 600 690 700 

VV DPPLSAAI g A R ft P^ S A K 0 A V KAFIRSLQ A _ R R g 
710 720 730 740 750 76D 770 7B0 790 800 

R&PAAAEPVLQLDOLRPLXSLALTANilOLftDFT 
810 B20 830 840 650 SSO 670 6S0 390 



900 



ASIiPKKOYQQQLWRECDRYAYPNDISRQPVACE 
910 920 930 940 950 960 970 930 990 1000 

VGRGALLDGLARPFALtADXGLAL ftPCAkVQHLA 
GflBQQGft L*JUUUU^lUiiia S U^ 

1010 1020 1030 1040 10S0 1060 1070 1080 1090 1100 

MEDQLAPRLLADLDPAVRSSLRPLPSVGLWHLQ 

UIO 1120 1130 1140 1150 1160 1170 1160 1190 1200 

QTRAQMOVVAVAQANGQWGflVDWGIGIADLHET 

1210 1220 1230 1240 1250 1260 1270 12E0 1290 1300 

-i ORF3 _ 

T M SD * F S K K F 

UiO 1330 1330 1340 1350 1360 1370 1380 1390 1400 



H I L P L I P F T C V SAY 
1410 1420 1430 1040 



ALGIQLGDL H'K T A N I F G L 
1450 1460 1470 14S0 1490 1500 



GFTTREAYWVFGLNALANGKAINVAGHNLGQVN 
1510 1530 1530 1540 1550 1560 1570 1530 1590 1600 
KTLMVPGL W V G T DQGEHWHVAN IAVGGFQERVRA 
1610 1620 1630 1640 1650 1660 1670 1680~ 1690 1700 
AGFFIGLQLGT-frQDVDSLAFVPLDIGECVQGTRG 

(juuoAdLi'i^'iL^^ri^^ '/MinrrnrTT 
1710 1720 1730 1740 1750 1760 1770 1780 1790 1600 



YLPSARAQEVQHSfiPLN 
1810 2£20 1530 lfi40 1850 



IGPLSIQVFT5AQAV« 
1660 Bjj/n 1870 1330 1S90 1900 
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s boxed and indies ted by SD. The -10 and -35 regions of the cr^-dependent promoter ore labeled. A pQienria] stem-loop structure is *ho«n by the facing 



FIG. 2. NucUodde i 
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arrows, pi and P2 indicate (he positions of (be primes used for PCR. Ml, ML M3, and M4 Isdicaie the restriction sues created by site -directed mutagenesis. Other 
restriction sites arc underlined and labeled. Slop codam are Indicated by asterisks. 



pJRDEE32dl, harboring phaC Ac and OBJ3, pJRDEE32d3, 
harboring phaC AC and ORF1, and pJRDEE32dl3, harboring 
only phaC A<r A. euirophns PHB~4 was transformed by conju- 
gational transfer of these recombinant plasmids, and the trans- 
conjugants were cultivated in a nitrogen-limited mineral salt 
medium. As shown in Table 3/ all the transeonjugants of 



PHB~4 accumulated P(3HB) homopolymer from fructose, 
and the deletion of ORFl and/or ORF3 slightly increased the 
PHA content in the cells. AVhen the recombinant PHB"4 
sixains were grown on octanoate or hexanoate. the content of 
P(3HB<o-3HHx) copolymer was remarkably increased by the 
deleuon of ORFs. Especially on octanoate, the PHA content 
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reached 92% of the cell weight (dry wt) after deletion of ORF1 
or DRF3 from the EE32 fragment, and 96% (dry wt) after 
deletion of both genes. A similar tendency was also observed in 
the case of two-step cultivation. 

Table 4 shows PHA synthase activities in the transoonju- 
gants of PHB""4 at the early stationary growth phase. When oc- 
tanoatc was fed as a sole carbon source, the PHA synthase 
activity in the cells expressing phaC Ac with QRF1 (pJRDEE32d3) 



was fivefold higher than that in the cells co expressing the three 
genes (pJRDEE32). Furthermore, the strain expressing only 
phaC Ae without both ORF1 and ORF3 (pJRDEE32dl3) showed 
38-fold higher activity than that harboring pJRDE£3Z In con- 
trast, the iransconjugant harboring pJRDEE32dl showed low- 
er activities in spite of the high PHA content than did those 
harboring pJRDEE32 or pJRDEE32d3. The three strains har- 
boring these deleted plasmids accumulated P(3HB-cc-3HHx) 
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up to more than 92 wi% from occanoate after 72 h cultivation, 
but they showed quite different synthase activities. These re- 
sults suggested that the PHA synthase activity does not relate 
directly to the PHA. content accumulated in cells. 

The deletion of ORFs from the EE32 fragment did not 
seriously affect the composition of copoly esters accumulated in 
octanoate-grown cells (ranging from 12 to 22 mol% of the 
3HHx fraction). However, it is of inrerest to note that the mole 
fractions of the 3HHx unit in copolyesters synthesized from 
hexanoate were increased by the deletion of ORF3. P(3HB- 
co-3HHx), consisting of almost equimolar amounts of 3HB 



and 3HHx units, could be obtained by two-step cultivation of 
the strains harboring pJRDEE32d3 or pJRDEE32dl3. 

Enoyl-CoA hydratase assay* No significant identities of the 
amino acid sequences deduced from the nucleotide sequences 
of identified ORFs were detected with those of primary struc- 
tures of any proteins in databases, except for the translated 
product of ORF3. which showed a partial identity with a pu- 
tative enoyi-CoA hydratase domain of Saccharomyca cereyi- 
siae (3-oxidatLon muitifuijctional protein (38.4% of 73 amino 
acids) (13). The ORF3 product also exhibited a weak identity 
with Clostridium difficile crotonase (22.8% of 114 amino acids) 
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NLe. 
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P.o.1 
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c.v. 

T.v. 



260 

f>£QL,ES^\EHV-E 




J2S-N- -BQ 
^ jfF.QaCK 



Phosphopaniethtiine 
binding site? 



Lipajo bo* like s equencfe 
319 




Identities of total 
amino add sequence 

42.7% 

44.0% 
36.0% 

45.1% 

34.3% 
35.2% 
32-6% 
35-296 

253% 
27.4% 



no. 

Mcthfhbaciertum 
identical in at 1c: 




c eight PHA synthases, 



(24). Therefore, soluble extracts of recombinant £. coli har- 
boring the PHA biosynthetic genes of A. cavtae were prepared, 
and enoyl-CoA hydratase activity was assayed with crotonyl- 
CoA as a substrate. The results are given in Table 5. E coU 
harboring pEE32 or pEE32dI exhibited a high enoyl-CoA 
hydratase activity, while the activity in the cells harboring 
pEE32d3 or pEE32dl3 was as low as that in a control strain 
harboring pUClS\ To investigate the stereospecificiry of the 
hydration reaction, NAD* and (£)-3HA-CoA dehydrogenase 
were added to the reaction mixture after the hydration of 
crotonyl-CoA had reached equilibrium (23), but the formation 
of NADH linked with the oxidation of (5)-3HB-CoA was not 
observed. These results strongly suggest that ORF3 is a struc- 
tural gene of (/?)-specific cnoyl-CoA hydratase. The P-oxida- 
tion multifunctional protein of S. cercvisiae encoded by the/ox2 
gene has been reported to catalyse the hydration of enoyl-CoA 
with (/?)-speciflcity (13). The' evolutionary relationship be- 
tween y*. cavtae ORF3 and 5". cerevisiae Jbx2 may be an inter- 
esting subject. 

DISCUSSION 

There arc only a few studies on bacteria capable of incor- 
porating both short- and medium-<hab-length 3 HA units into 
polyester chains. R. ruber (12) and R. ntbrurn (3) are known to 
synthesize PHA with C 4 -to-C^ 3HA units, and the PHA syn- 
thase genes of these bacteria have been cloned (15, 27), How- 
ever, the substrate specificities of the translated PHA synthases 
were not investigated thoroughly. In this study, cloning of PHA 
biosynthesis genes, including a structural gene of PHA syn- 
thase from/*, cavtae (p!iaC Ac ) t was performed togexher with an 
investigation of the PHA-pro during abOity of recombinant 
strains harboring the cloned genes. 

A partial fragment of a PHA synthase gene was successfully 
amplified from genomic DNA of A- caviae by PCR with prim- 
ers designed from a highly conserved region among various 
PHA synthases. The amplified fragment was then used as a 
specific probe for identification and isolation of the PHA bio- 
synthesis genes of A. CQviae. These PCR primers are expected 
to be useful for cloning of PHA synthase genes from other 
bacteria. 



The nucleotide sequence indicated that plxaC^ c was clus- 
tered with four ORFs (ORF1, -3, -4, and -5) and one putative 
promoter region in a 5.0-kbp genomic fragment. The deduced 
amino acid sequence of A caviae PHA synthase shows 42.7% 
identity with the synthase of A. eutrophus (specific for short- 
chain-length 3 HA), which is higher than its 32.6 to 35.2% 
identity with those of pseudomonads (specific for medium- and 



TABLE 2. Accumulation of PHA in recombinant strains 
harboring PHA biosynthesis genes of A. caviae* 



Strain 


Flasmid 


Carbon 
source 


PHA 

COn mm 
(wt^) 


Composition 
3HB 3HHX 


A. eutropfws PHB"4. 


PJRD215 


Fructose 


0 










Hcxanoate 


0 










Octanpaic 


0 








pJRDEESO 


Fructose 


7 


100 


0 






Hc*ano3te 


Trace 










Octanoau 


6 


96 


4 




P JRDE£32 


Fructose 


S3 


100 


0 






Heranoaie 


6 


83 


17 






Octanoaic 


33 


78 


22 


P. purida GPpl04 


pIRD215 


Gluconate 


0 










Hexanoaie 


0 










Octanoaro 


0 








pJRDEESO 


Gluconate 


4 


71 


29 






Hexanoaie 


42 


61 


39 






Octanoate 


41 


71 


29 




pJRDEE32 


Gluconate 


4 


71 


29 






Hexanoate 


3S 


60 


40 






Octanoate 


46 


69 


31 



" Cells were euftwued in a nitrOgen-limitcd mineral salt medium containing 
fruaosc (0i% wvwol). ihc Sodhrm sails of gluconate (1 £% wtA-ol). and octano- 
aic or hooeanoatc (0.1Sr wItoI X 5 f or A^cunvphia strains or 05% wt/vcJ for 
P- pitthla strains) as a sole carbon source for 72 h at 3GTC 
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TABLE 3. Accumulation of PHA in recombinant strains of A. etnrophus PHB~4 harboring deleted clones of 
PHA biosynthesis genes of A caviae 



Ouc^iep Cultivation" 



Ptasmrd 
(relevant markers) 



TVo-step cultivation* 



Carbon 
source 



PHA content 



Composition 
(ma\%) 



3HB 



3W 



PHA content 



Composition 
(mol9&) 



3HB 



pJRDEE32 (phaC A ^ ORFl, ORF3) 


Fructose 


53 


100 


0 










Hexanoate 


6 


83 


17 


4 


76 


24 




Octanoate 


33 


78 


22 


6 


85 


15 


pJRDEE32dl (phaC^, ORF3) 


Fructose 


66 


100 


0 










Hexanoate 


78 


. 84 


16 


25 


77 


23 




Octanoate 


n 


87 


13 


53 


85 


14 


pJRDEE32d3 (pkaC Atn ORFl) 


Fructose 


66 


100 


0 










Hexanoate 


44 


75 


25 


19 


53 


47 




Octanoate 


92 


88 


12 


23 


87 


13 


pJRpBE32dl3 (phnC Ac ) 


Fructose 


73 


100 


0 










Hexanoate 


72 


72 


28 


26 


50 


' 50 




Octanoate 


96 


85 


15 


50 


80 


20 



111 u uiirvgen-iinuieu mineral san meaium containing trucmse f03% wtfvol) and sodium hexanoate or sodium octane ate ffj ic; W rfueA x s\ 
as a sole carbon source for 72 h ai 3Q*C s " 7 

✓nlS^ E^? 1 " a nutricnt 'f>ch medium for 12 h at 30'C, Transferred into a nitrogeit.frt e mineral salt medium containing sod(um hexanoate or sodium octanoate 
{025% wt/col x 2) as a carbon source, and incubated for 43 b at 30*C 



long-chain-length 3HA). Although R. ruber synthesizes copohy- 
esters of C A to Q units similar to those of A. caviae (12), the 
FHA synthase of R ruber has closer identity to the synthases of 
Pseudomonas aeruginosa than to those of A- eutrophus and A 
cawoe. It is difficult to predict the substrate specificity of PHA 
synthases on the basis of their primary structures. 

Heterologous expression of phaC Ac in the PHA-negative 
mutants PHB"4 of A. eutrophiis and GPpl04 of P. putida 
resulted in the accumulation of P(3HB-co-3HHx) coporyesters 
from hexanoate or octanoate and of P(3HB-co-3-hydroxyva]- 
erate) from pentanoate (data not shown). A 3-hydroxyoctano- 
ace unit was never detected, even in the copolyesters produced 
by transconjugants of GPpl04 from octanoate. These results 
indicate that the A caviae PHA synthase is active toward C*- 
co-C e 3HA-CoA arid that the composition of the coporyester 
produced by A caviae FA440 reflects the substrate specificity 
of the PHA synthase. The acceptance of 3HHx-CoA as a 



substrate is a significant difference between the A caviae PHA 
synthase and other synthases, being specific for short-chain- 
length C3-t0.Cs 3HA-Co A only. 

E. coli strains expressing the ORF3 gene of A caviae showed 
(/t>specific enoyl-CoA hydratase activity, suggesting that the 
translated product of ORF3 functions as an enzyme in a mono- 
mer-supplying pathway for PHA-biosynthesis. Figure 4 shows a 
proposed PHA biosynthesis pathway in A. caviae. Acyl-CoA 
derived from alkanoic adds or oils is degraded via cyclic p-ox- 
idatjpn, resulting in the formation of enoyl-CoA intermediates 
of different chain lengths. These intermediates may be con- 
verted to (£)-3HA-CoA by the (f?)-sperific enoyl-CoA hy- 
dratase encoded by ORF3, and the resultant (i?)-3HA-CoA of 
4 to 6 carbon atoms may be incorporated into a growing poly- 
ester chain by the function of PHA synthase. Hence, P(3HB- 
cc-3HHx) is synthesized from alkanoic acids of even carbon 
numbers or from oils. Small amounts (5 mol% ± 2 mol%) of 



TABLE 4. PHA synthase activity arid PHA acxramilation in recombinant strains of A. euavphus at die early stationary growth phase" 



Strain 


Flasmid 
(relevant markers) 


Carbon 
source 


PHA synthase* 
(U/g of proifiin) 


PHA content 
(wt£>) 


Compcuirioa 
(moJ9i) 

3HB 3HHx 


Hie 


pJRD215 


Fructose 


138 


60 


100 


,0 


PHB-4 




Octanoate 


61 


67 


100 


0 


pJRD215 


Fructose 


5 


0 




PHB"4 




Octanoate 


3 


0 






pJRDEE32 (phaC^ ORFl, ORF3) 


Fructose 


145 


25 


100 


0 


PHB-4 




Occano&tc 


20 


12 


61 


39 


pJRDEE32dl (phaC A n ORF3) 


Fructose 


33 


49 


100 

88 


0 




Octane-ate 


13 


51 


12 


PHB-4 


pJTR£>EE32d3 (phaC Aci ORFl) 


Fructose 


no 


28 


100 


0 


PHB-4 




Octanoate 


114 


37 


85 


15 


p/RDEE32dl3 (phaC Ac ) 


Fructose 


425 


69 


100 


0 






Octanoate 


770 


69 


85 


25 



. " £ C ? 3 ^wcvlrr/oted to a nitrogen-limited mineral salt medium containing fructose (05% wifrol) or sodium oewnoate (0.1% wi/wjl X 3) 03 a iofc carbon 3 
for 30 n at 30rC. 



» PHA synthesis activity for (#)-3HB-CaA\ 
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TABLE 5. Enoyl-CoA hydraiase activity in recombinant 
strains of EL coli DH5a" 



Plasmid 



Relevant markers 



EnOyl-CoA hydraiase* 
(U/g of protein) 



pOClS 

P EE32 

pEE32dl 

pEE3*J3 

pEE32d!3 



phaC^ ORFl. ORF3 
phaC^ ORF3 
phaC^ ORFl 



39 
617 
323 
31 
46 



' Odb were cultraied in a Luria-Dcrtani medium for 24 h at 37M 
* Hydration activity for Croionyl-OiA. 



a 3HB unit were reported to be incorporated into a copolyester 
with a 3-hydro\yvalerate unit (95 mol% ± 2 mol%) by A 
caviae from alkanoic acids of odd carbon numbers (7). in 
A. Caviae, there are low activities of 0-ketothiolase (0.09 U/mg 
of protein) and NADH-acetoaceryl-CoA dehydrogenase fa 06 
U/mg of protein), but no activity of NADPH-acetoaceryl-CoA 
reductase was detected. The small amount of a 3HB unit in the 
coporyesters may be supplied from two aeetyl-CoA molecules 
via four-step reactions catalyzed by p-kerothiolase, NADH- 
aceroacetyl-CoA dehydrogenase, crotonase [(5)-epecific enoyl- 
Co.. _ hydratase], and (rt)-specific enoyl-CoA hydratase (Fig. 4), 
whi^h is similar to the pathway in R ntbrum (23), The deletion 
of ORF3 from the EE32 fragment resulted in an enrichment of 
the 3HHx fraction in P(3HB-co-3HHx) produced by the re- 
combinant strains of A cumpJuts PHB"4 (Table 3). This result 
may suggest the major contribution of the ORF3 product in 
supplying a 3HB unit; that is, the (*)-spcciflc enoyl-CoA hy- 
dratase encoded by ORF3 may be more specific for the hydra- 
tion of crotonyl-CoA than for that of mechum-chain-length 
enoyl-CoA. 

The transconjugant of A. emrophus PHB"4 harboring 
pJRDEESO accumulated a smaller amount of polyesters than 
that harboring pJRDEE32, while there was little difference in 
the PHA content and composition between tnnsconjuganis of 



ATkanolQ adds, oils 
1 

'Acyl-CoA 



fhOxidaiiem 




9 O 

CNyCCHjC-SCoA 
AcetoacatyWCoA 
vJ2) 



(RWpcrific 1 
eooyl-CoAijyiratisel 
<ORR> J 



1 

f 

(5)-3-Hydroxyacyt-CoA 

* 

3-KGtoacyf-CQA 



HjDHO 

H OH 9 . 
C H 3- CCH^C-SCoA — 
<fl)<3H9 



OU-Speciftc 
fOHFJ) 



PHAfynihase 



) 



P(3hB-*o^HHx) 

tJ2°'J' P . rD P°f Ccl P&ihway oS J^3HB^o-3HHx)-hioi,ymhcsu tit A. cavla* 
irom alkanoic aCiOs or oils. (I) ft-KeicHhinlaic; [2) tfADH-nccuracclvl-CoA 
«^^ro«a«sse; (3) crownasc ((5)-*pcdfic enovl-CoA MratPtt]. 



P. piutda GPpl04 harboring pJRDEESO and those harboring 
PJRDEE32. The functions of ORF4 and ORF5 in PHA bio- 
synthesis are still unknown. Hie deletion of ORFl ancVor ORF3 
from the EE32 fragment drastically increased the P(3HB-co- 
3HHx) content in the cells of recombinant PHB"4 when hex- 
anoate or octanoate was fed as a sole carbon source. Here, ii 
is noted that a PHA content of 96 wt% was achieved in the 
strain harboring pJRDEE32d!3 from octanoate. The coex- 
pression of ORFl and ORF3 with phaC^ seems to lead to a 
decrease in intracellular PHA content. Enzvmatic analysis re- 
vealed that the deletion of the surroundins genes also affected 
the activity of PHA synthase. However, the PHA content ac- 
cumulated m cells was not correlated to the level of PHA 
synthase activity (Table 4), For example, the PHA-coment in 
octanoate-grown cells harboring pJRDEE32dl3 was only 
slightly higher than that of cells harboring pJRDEE32dl at 
both the early stationary (30 h) and late stationary (72 h) 
.. phases, even though the former strain showed 60-fold higher 
Synthase activity than the latter. In addition, the effects of the 
deletion of the ORF3 gene on the activity of PHA synthase and 
on the cellular content of PHA cannot be explained by the 
catalytic function of the translated product, (rt)-speciflc enoyl- 
CoA hydratase. Further studies, including the Investigation of 
transcriptional efficiency of each transconjugant, will be nec- 
essary to elucidate the characters and functions of these ORFs. 

Liebergesell et al. (20) have reported that PHA biosvnthesis 
genes of the anoxygenic phototrophic bacteria C vinosttm, JVto- 
dobacter sphaeroides, and 7. pfennigi conferred the ability to 
Sjyrjthesize P(3HB-co-3HHx) from octanoate on P. putida 
GPpl04, It is interesting that the PHA synthases of C. xinosum 
and r, pfennigii exhibited similar specificiry to that of A caviae 
in spite of their quite different structures. They have also re- 
ported that P(3HB) hoinopolymer was accumulated in the oc- 
tanoate-grown cells of A. emrophus PHB'4 harboring the genes 
of T. pfennig in contrast to the product! *n of PHA containing 
nearly a half-molar ratio of the 3HH\ f. .ction by the GPpl04 
strain expressing the same genes. In this srudw the transcon- 
jugant of PHB^4 harboring pJRDEE32dl3, expressing only 
pliaCytt as a foreign gene, efficiently accumulated P(3HB-co- 
3HHx) from hexanoatc or octanoate, and the 3HHx fraction in 
the copolymer reached 50 niol% in the recombinant cells 
from hexanoatc by two-step cultivation. Apparently, A. emro- 
phus ceils have the ability to supply the {/?)-3HHx-CoA thio- 
ester intermediate from these carboxylic acids. The P(3HB) 
accumulation from octanoate in recombinant PHB~4'ttrains 
described by Liebergesell et al. may be caused by the effects of 
additional genes in the cloned fragment which were introduced 
into the host together with the PHA synthase gene. 

In conclusion, this study not only gives information on PHA 
biosynthesis genes of A caviae but also demonstrates the use- 
fulness of the recombination techniques for an efficient pro- 
duction of copolyesters consisting of short- and medium-chain- 
length 3HA-CoA. Further studies will be done to clarify the 
mechanism of synthesis and accumulation of PHA in A caviae 
and in recombinant strains harboring the PHA biosvnthesis 
genes of A naviac. 
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stage or other and only 2 cut of the 18 animals, 
which were followed Over the whole period* foiled 
to show any reaction. As a control P 0 normal animals 
wore skin toeted xnth JPJPD 6 times over a. simitar 
period. Qne of these showed reactivity On the 
second injection 7 daye after the first, and afterwards 
failed to react, and 2 others showed very mild 
reactions which appeared only ,&& the end of the 
three months courses When frozen and thawed 
peripheral blood leucocytes and spleen cells from 
normal unsensLtdzed aw^>*^ were used the recipients 
behaved like the contort group with no celle- 

At the end of the experiment all four groups were 
challenged with & mgm. PPD intravenously. Sixteen 
out of 18 animals which had received disrupted 
cells from hyporaonsitrvo .donor? developed ana- 
phylaxis and 10 died. Only 2 of the 9 control** 
developed very mild anaphylaxis. 

From, these results it appeals that a transient 
delayed hypersensitivity ie transferred by intact 
peripheral blood leucocytes, spleen eelle and lymph 
node oellev end that it may be followed by a euper- 
imposed active immunization which persists far 



beyond the timo when the donor cells would have 
been destroyed by a homograft reaction. Peripheral 
blood leu oocytes were more effective in respect of 
active sensitization than cells from the spleen and 
lymph nodes* A further property of cells from 
sensitized donors is that -they oon wnhayinft tho 
development of antibody against tuberculin accom- 
panying multiple injeotiona of PFD. PPD is not a 
single aurjetanee, *nd there is no evidence whether 
the antibody is direoted against traces of contami- 
nating antigen which are known to be present. 

These experiment*! fcdio&te that the possibility 
that active immunization has ooouired must be 
hoxne in mind in the interpretation of experiments 
on passive transfer of delayed hyperactivity, 

I would like to thank Dr. J. H„ Humphrey far his 
advice throughout thia investigation* 
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£ud/8tattgvt* 1 06 9). 
4 Xufc, JT. Ik, InL Aft*. AUiTff> 17. 998 (1990). 
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ENZYMATIC SYNTHESIS OF POLY-MHYDROXYBUTYRIC ACID 

IN BACTERIA 

B/ Dil J* M. MERRICK and Pm*> M DOUDOROFF 
Defartmeet of Bicterloto^y, University of California, Berkeley 



THE polymeric eater, poly^JiydroxybmVyric acid, 
originally discovered by Lemoigne in 1927 ea a 
major component of tfticiUut TneQalcriitm> has aince 
been found to be an important Btorage rnaterial in a 
variety of bacteria 1 ^ 4 . It eervee ae bjl mtraeeUular 
reserve of carbon and reducing power in the photo- 
synthetics bacterium. JBhodospSr&Btitn rubrutn, and ae 
the principal substrate fbr the endogenous roflpirKticn 
of certain aerobee J ~*^ 

The present report deals with the synthesis of the 
polymer from carbon*! 4- labelled d(— -hydroxy* 



butyiyl-ooenzyme A by particulate freotione of cell- 
free extracts from B, Tnegatrrium an^ JR* rttbmm* 

Radioactive 3)(«)^hydroxybtttyrio odd was ob- 
tained by alkaline hydrorysie Of purined polymer 
isolated from oeue of B. rubrvm, that had assizrulated 
uniformly labelled acetate in the light** The acid 
we* purified ty - paper chromatography p and the 
coenzyme A derivative was prepared by the ™fgwH 
aimydride method of Wieland and BuefF 1 . Free 
-hydxoxybu fcyric acid wee r em o ve d from the acidified 
solution by ether extraction* Analysis of the epeoiflo 
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Tlmut (mln,) 

D 

& 
10 
20 
40 



Pcrccnt&ED carbon-l* recovered in polymer 



0 

33 
30 



fraction 

0 
2i 
35 
4* 
4i 



E*p,3 
0 
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Thg roAGtkm mbctltfca eonialdcd eUhar reoombinad particulate and 
ftupcraiiint frudom (i*oa zngm. poiymtr uid i*7fi mam. proUtn 
per mX,) OT VWUPO&dftd BirtlCttlxte fraction iJnac (l <sB mam* polymer 
And 0-13 Dlgm. pro Lain par ml,); pnd tba fbUouftu? component <tn 
/tmolaa per ml.) : mARDeslua chloride, 12 5 ; glaUtMoM, 12-5: and 
poUsdfUm DbOsphAte bufffer, ?H 7-4, 126. 
Jfixp. 1: pirtleuUte supernatant fracUam + 0-48 frtQUlv. 
* " ia 4 p«r mL (tnlUtl) : Expa. 2 Mid * 



PArtloaUto tiAoUan + 0-2* and Q-4Sii«quiv,c( — j-^ydroxjbucrTyl- 
fwnzyma J par mL (injttalh rt*DMUYc& 
The ruction mlxtUHB wert Instated nt C. 

activity of the product, coaplod with hydroxamato 
and sulphydryl determinations, indicated that at 
least 96 per cant of the aoid was present in tbioesfcer 
combination. Since the commercially available 
coenzyme A used for the synthesis is only 50-76 per 
oent pure and is contaminated "with other sulphydryl 
compounds (for example, * glutathione), the assays 
reflect the total concentration of P-hydroxybutyryl 
thioesters, rather than of the coenzyme A derivative 
alone, Eoly-p -bydroxybutyric acid wee assayed with 
a modified hydroxatnate method for ester determ- 
ination', or by ^ho spectrophotometry method of 
Siepeoky and Law*. 

JB» fMQGterittm, strain. Km, was . grown hi the 
medium contafomg % per oent glucose described by 
• Macrae and Wilkinson 4 . The cells were gathered at 
the end of exponential growth and washed with 
0 033 M phosphate buffer, pK 7-0. Cell-froe extracts 
wore prepared by the^osmotie ryms of concentrated 
protoplasts made by lysozyme treatment of the oeIIa\ 
The lyaatea were Bubjeoted to sonic oeoillation to 
liberate the polymer particles from the cell mem- 
branes. The heavy particulate taction (consisting 
mainly of polymer particle*) was separated from the 
extract by oontrifugation at 3,000 $ for 20 min* at 
4° G» and the particle* were washed several times, 
with phosphate buffer, pH 7-0. The supernatant 
fraction contained both the soluble proteins of the 
oell and the disintegrated CoU membranes* 
- The particulate traction was incubated with radio- 
active ^hydixxxybutyryi-coenzym© A in the presence 
and absence of the supernatant fraction. The reaction 
was stopped by addition of alcohol (60 per gent final 
concentration) and the radioactivity of the isolated 
polymer was measured. Tho particles were sedi- 
mented by centrifugatiOtt, treated with alkaline 
hypochlorite, washed successively with Water and 
acetone and finally dissolved in chloroform'* 4 . Suit- 
able aliquota wore analysed for radioactivity. Con- 
trols were performed with reaction mixturce in which 
0 -hydroxybutyryl-coenzyme A wad replaced by 
labelled p-hydroxybntyratc in the preeenoe or absence 
of coenzyme A, Oft well as by sBrali-hydrolysed 
coenzyme A derivative. No incorporation of radio- 
activity into polymer woe observed in the control 
reaction mixtures, Jn the presence of &-hydroxy- 
bu tyryl-c Derwyroe A , on the other hand, the 
polymer became rapidly labelled with carbon -14 
when tho particulate fraction was used either 
alone or in combination with the supernatant 
fraction (Table 1). *™«wk 

Tho reaction c&me to completion in aboufc 20 mi n 
at which time 35-46 per cent of tho total radio- 
activity was recovered in the polymer. The observed 



maximal conversion of thioester to polymer does not 
give, any information cn the egnUibrium constant for 
the -synthesis of polymer from g-hydroxybntyryW 
coenzyme A, since the tnie oonoentration of the 
latter compound was not known for reasons pre- 
viously dieonssodi 

To study the atoichiomotry of the reaction, a 
further experutient was performed in which the dts. 
appearance of thioester was meaaured, Tho analyBea 
showed that in a reaction mixture initially containing 
1 »3 mgm. washed polymer particles (without super- 
natant fraction) and 1<2 aequiv, of thioester per 
ml. P 0-5 pequiv. of p-hydroxybutyrate was incor- 
porated in tho polymer, while 0-5 f*equiv< of thioeeter 
had .disappeared- Thua, tho eyntheaie of polymer 
aooountod for moro than SO per cent of th© thiowter- 
deoompoBed, 

To identify the product unecjuivocally, tho labelled: 
polymer from the above ejeperiment woe diluted with 
parifiod oarrier polymer 1 ,* and reprecipitated three 
timea from ohlorofoim : twico with 95 per cent 
ethanol and once with ac6tone-eti)or (2 ; 1). The 
apeoifto activity remained constant throughout, Tho 
ropreoipitated polymer was hydroIyBed for 22 hr. at 
30° in N potassium hydroxide, treated with cation 
exchange resin ('Dowex 60% H') p and ohromato- 
graphsd on paper tishig the following uolvente ; 

(1) ethex-benzene-forrriio acid-water (60:50; 12-5:2); 

(2) n-butnnol-glacial acetic acid-water (100 : 6 : ^6) ■ 

(3) t^-butftnol eeturatod with 1*BM ainmoni&w In each 
easo, only one radioactive spot was found on tho 
paper, which corresponded exactly with the location 
of the p -hydroxy butyric acid spot. 

Coll-free extracts of it. rubtum also rapidly moor- 
porato iho p-hydroxybntyryl moioty of tho ooenrymo 
A derivative into polymer. Aa in B. megaterium* 
tho activity is largely associated with tho particulate 
fraction. The kinetica of incorporation are, however, 
complicated by the presence of an active depoly- 
m erase which is also aafioc£&ted with tho particles. 
Crude extracts were prepared by sonio oscillation of 
cells grown ariaerobioolly in tho light. The particulate 
and supernatant fractions ware separated by low- 
speed oentritaging.' Tho former, which contained the 
polymer particlos, was heavily contaminated with 
pigmented cell debris, 5fco native polymer* when 
resuepeiidfld hi either the supernatant fraction or 
buffer* underwent rapid hydVoIysig to p-hydrttxy- 
butyrlo aokL Ab munhae 80 per oent of tho polymer 
disappeared after 30 inin. of incubation at 33 s 0. 

The results of an experiment in- which labelled 
P 'hydroxyb utyryi-ooenzymo A was added to a crude 
cell-free preparation are ahown in fig. 1. Maximal 
moarporation was achieved within 2 nun,, after which 
time the total carbon -14 content of the polymer 
rapidly decreased. The early termination . of incor- 
poration, can be plausibly ascribed to exhaustion of 
the substrate. Thezeafter r radioa^ivity is lost from 
the polymer as a consequence of tho continued 
depolymeHsation. The results of a parallel experi- 
ment, in which the zeBuspendod particulate fraction 
was incubated with different concentrations of sub- 
strate, ate entxfcly compatible with thin mterpretatian 
(Table 2). The identification of the rorbon-14- labelled 
product wee carried out as described above in the 
experiments with B. megaterilftn* 

3To direct activation of p-hydroxybu'tyric acid with 
adenosine triphosphate and coenzyme A could be 
demonstrated in cell-free extracts of R* rubrum. A 
BrnaU inoorporation of carbon- 14 into polymer was 
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Fttf. L, XtaAbkpoisUoii of eubon-14 Into polymer by cm do «Xtnwto 
or JU tubrmm. Tlw nutlfla mixture* outfitted tm&» extract 
(34 mgm. potfmor ami S*oa mem. protein per ml.); rw—)^. 
rrydrcxytalyr^-mm^ymo ,4, 1-4 #*acrttftr.; m4 U» foOoWtrS 
OMUpottedbi (Id /hdqIm par ml,); runtnatmm chloride. 12-*; 

7 - ud Mi (AgaroxyttOtA?!) MftloomDUunfihrdio- 
7-4(127. Hbe rflfcOKon mixtures mre IrwuStted 



rtaUtWone. 12 7 ; utd 
chloride buffer, l»3 



Xbo totttloa mttfara copUJaed ronupebdod putkuUte fraction 
(3*1 mgro. polymer pet p\l) l ud Uu fbUQvlna compoiiaat* tin 
pmaks wr mi) : t**HW»ram. chloride, 10 ; giuUthloAs, 10 : a&d 
(UydroxymBtliy]) KDlnunettuiUttydrahloriaa buffer, *E 74, 100. 
Expi* 1, 2 «ad 3 OMUInad 0-2fi, a-0 Mid 4*0 jicQUlV. of Ttf—)-3- 
hydro Xybn by ryJ-ooemiyxiiB ^ per mL [ml till), rwptttJVrfy. The 
ruction mixlurei were locuhated it $9* ft 

tnegaterkun but does not attack the purified poly- 
mer* A specific dlphoaphopyridine nudeotide-lmked 
D ( )-p-b^drt xybutyrio acid dehydrogenase is aTba 
present in Buoh extract a, and had been .partially 
purified • 

This work forma part of a programme supported 
by a grant from th© Kation&l Institutes of Health 
and Funds for Cancer Research of the Umvcraity of 
California, One of us (J. At, M.) holda a poetdootora] 
fellowship from the Arthritis and Rheurnntiazn 
foundation, 
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observed, however, when ©rude exfcraota were in- 
oubated with carbon-14-iabelfed acetate, adenosine 
triphosphate, coenzyme A and ^educed pyridine 
nucleotides. 

Two soluble enzymee, presumably involved in 
polymer metabolism, were found in the supernatant 
fraction of 25« Tubrurn extracts prepared from cells 
that bad depleted their polymer stores. Ahydrolytio 
system catalyses digestion of boiled polymer particles 
of R* rubrum and native polymer particles of J5. 



INHIBITION OF CELLULAR RESPIRATION BY CO-CARCINOGENIC 
FRACTIONS OF CROTON OIL 

By Dr. A* C ALLISON and J, W. LIGHTBOWN 
National Institute for Medial Research Mill Hill, London. MWJ 




AS a result of the work of Bona and his colleagues 1 
and Beranblnm and his colleagues*, it is widely 
accepted that eavoxnogeiieBiB in akin— and probably 
alfiO in other organs — takes place in two euooeeaive 
siagea. A.aingla small dose of a caroinegon flash as 
9 1 lO-dimstbyM : 3'ben^anthraoecs applied to moose 
shin ia Bunloient to prodttOd a lasting ■initiation* but 
no tumours, 6ubseqaent repeated application of 
eroton oil gives rise to a large crop of tumours, whereas 
oroton oil applied without a> previooa initiating 
stimulus pvoduoes few , # if any> tumouzs. Several 
arguments 1 make it olaar that the *jH?ornotioii' or 
'oo»GaxomogeaesiB' by oroton oil is complementary 
to mitlatioTi and quite distinet &om it; thus, 
ad^nznistxation of the initiator after protonged 
treatment with oroton oil does not lead to tcmonr 
formation » 

The factor or motors in oroton oil reapoiunble far 
tumour promotion have not been identified, and their 
effects on cell metabolism have not previously been 
deeoribed. Lijinsky* has submitted methanolio 
extracts of eroion seede to sHiea-gel ohromatography 
and obtained fraction^ comprismg about 1 per cent 
of the whole oil, that appear to have all its tumour* 



promoting activity, fractions kindly provided by 
Dr. LijinsBy are at present being analysed, by gas- 
ohr^TxiatiOgraphy in this Institute m attempts to 
identify the active agent or agents* In the meantime, 
the opportunity has been taker* — for reasons which 
will be apparent in the disoosdion her o to analyse 
-the effi acta of the eroton oil fractions on cell meta- 
bolism. It has -been found that the highly active 
tuinoox-prumoting actions are inhibitors of cellular 
rapiration hx ©overs! tissues, and this property may 
well be related to their eo^eftxronogeaic effect* 

Bat liwsr bomogenates. lAretn of 100 gm. hooded 
rats were homogenized by the Potter^-Elvehj em 
teohoique in the following m^^t^ ; 0-3 M euerose, 
0-002 M sodium, ethylenediaraine tetraacetate and 
0-03 3f nicotinamide, adjusted to pK 7*1 with potas- 
sium hydroxide. Each Warburg flask contained 0 -3 
ml. homogenato (containing 1 -02 mgm» protein 
nitrogen per mL), 0-2 mL potassium ouoomate, 
0 *15 M t pH 7 *1 and 1 -4 mL eucrose-ethyleriBdiamme 
tefaras^tato--aicotmami4e a? above. Croton oil 
fractions were added in ten-fold dilations in 0-05 mL 
ethanolie solotjon to give final concentrations from 
0-2 to 200 ugm. per mi. Oxygen uptake from air 
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